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Towards an improved model of the Laramian Transylvanides
Ioan Balintoni1

The Transylvanides which represent the uppermost group of Alpine tectonic units of the Apuseni
Mountains originated from a Mesozoic rift located between the Preapulian and Getic cratons (Rădulescu &
Săndulescu, 1973; Săndulescu, 1984; Balintoni, 1997). The term “Foreapulian Block” (“Preapulian bloc” in
Romanian translation), was used by Săndulescu (1994), for the continental mass from which the Northern
Apusenides or Inner Dacides (the Codru and Biharia Nappe Systems) have been sheared. The name “Getic
Craton” was proposed by Balintoni (1994a) for the continental fragment located between the Transylvanian Rift
and the External Carpathian Flysch Basin, from which proceeded the Getic crystalline. The Transylvanides were
emplaced antithetically, during the Austrian and Laramian orogenic phases. During the compressional (Early
Cretaceous) period, the rift basin evolved towards a foreland retroarc type basin, because it was installed on the
upper plate sheared margin. If the Austrian Transylvanides (ATS) and the Mediterranean Apusenides are
described as “in-sequence” tectonic units, the Laramian Transylvanides (LTS) are “out of sequence”. In the
Apuseni Mountains tectonic context, the Austrian orogenic phase is considered intra-Albian or around the AptianAlbian boundary, the Mediterranean one as intra-Turonian (pre-Gosau) and the Laramian one as intraMaastrichtian and close to the Maastrichtian end. This fact complicates the recognition of the Transylvanides, as
well as their description and classification. Balintoni (1994, 1997) proposed a dual classification of the
Transylvanides, with particular names for the Austrian and Laramian ones, because some parts of the ATS can
be found again within several units of the LTS. According to latter classification of this author, the ATS include the
Izvoarele, Valea Muntelui, Feneş, Colţul Trascăului, Bedeleu, Ardeu, Căbeşti, Căpâlnaş-Techereu and Bejan
nappes, and the LTS comprise the Groşi, Crilş-Bucium, Vulcan, Frasin, Metalliferous Mountains, Curechiu-Stănija
and Mureş nappes. Besides this, the Laramian Transylvanides transported also the post-Austrian sedimentary
covers. Regarding the ATS and LTS many unsolved questions still persist, as it is for instance: the precise age for
pre-Austrian and post-Austrian sedimentary formations; the correlation between the Austrian tectonic units
enclosed by the Laramian nappes; the number of the LTS; the amplitude of the tectonic displacement; the relation
between the Apuseni Mountains and the South Carpathians; the opening age of the Transylvanian Rift; the
development of the magmatic component of the Transylvanides; the initial locale for the sedimentary and
magmatic formations.
In the following we will analyse some actual issues of the relation between the ATS and the LTS and present
an improved model.

I. The Bucium Unit: fact or myth?
The Bucium Unit was first described by Ianovici et al. (1976) as a part of the South Apuseni
Mountains. These authors considered the South Apuseni Mountains as built up of some Early
Cretaceous facial-structural units, arranged later by tectonic thrusting and folding, and they mentioned
in the lowermost position, the Bucium Unit. According to them, the Early Cretaceous formations of the
Bucium Unit are transgressively deposited upon the crystalline schists of the Highiş rise, which is
formed by the Baia de Arieş and Muncel tectonic units. They are consisting of: micritic limestones,
Tithonian-Neocomian in age; the Căbeşti Beds, Hauterivian-Aptian; the Valea Dosului Beds, Aptian;
the Ponor Beds, Albian and the Pârâul Izvorului Beds, Late Albian-Cenomanian. In their upper part, the
Pârâul Izvorului Beds grade into the Cenomanian Negrileasa conglomerates. The Pârâul Izvorului
Beds unconformably overly the earlier formations, due to the Austrian orogenic movements.
Bleahu et al. (1981) confirm that the sedimentary deposits of the Bucium Unit constitute the
cover of the Baia de Arieş and Muncel nappes, yet they partially modify the lithostratigraphy of these
deposits.
Lupu (1983) considers the Bucium Unit as autochthonous, tectonically in a similar position as
outlined by Bleahu et al. (1981).
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Săndulescu (1984) regards the Bucium Unit as a sedimentary zone of the Baia de Arieş
Nappe, and thus including it into the Internal Dacides or Northern Apusenides, together with the Vidolm
Unit (see below).
Bordea (1992) conceives the „Bucium Nappe” as a Laramian tectonic unit overthrusting the
Late Cretaceous cover of the crystalline towards the north. The trace of the overthrust is visible along
the Hărăguş Hill-Medreşti Village. This author thinks that the relationship between the oldest sediments
known in the Bucium Nappe and their basement (crystalline or ophiolites) could be tectonic because
the intense deformation noticed within the black clays of the Ciuruleasa Formation, the lowermost
lithostratigraphic unit of the Bucium Nappe. He is speaking about ophiolite basement for the reason
that the Ciuruleasa and Valea Povernei formations contain ophiolite boulders, probably taken over from
a such basement. The age of this tectonic contact is not discussed. Bordea ascribes the following
formations to the Bucium Nappe: the Ciuruleasa Formation, probably Neocomian in age; the Valea
Povernei Formation, Hauterivian-Early Aptian; a limy-schistous flysch, Aptian; the Gray Wildflysch
Formation, Late Aptian-Early Albian; the Pârâul Izvorului Formation, Late Albian and the Negrileasa
conglomerate, Cenomanian in age.
Balintoni (1997) follows the idea that the Bucium Nappe represents a Laramian tectonic unit,
and underlines that its Early Cretaceous formations have to be described as part of the ATS, because
they incorporate ophiolitic material, and this material could not be deposited directly on the continental
crust of the Preapulian Craton.
Considering the above models and combining them with a careful study of the Blăjeni (Bordea,
Constantinescu, 1975) and Abrud (Bordea et al., 1979) sheets of the Geological Map of Romania,
scale 1:50 000, the following comments can be made. The sequences older than the Pârâul Izvorului
Formation of the Bucium Nappe sensu Bordea, probably belong to the Austrian Feneş Nappe,
because the Early Cretaceous sedimentary suites of the two nappes can be paralleled. For example,
Feneş type-beds crop out around Întregalde region, immediately westward of the boundary reverse
fault of the Metalliferous Mountains Nappe. These beds are in a visible tectonic contact with the Baia
de Arieş crystalline.
The tectonic line between the Medreşti Village and Hărăguş Hill, a Laramian overthrust
according to Bordea (1992), can only be traced as an reverse fault on the Blăjeni and Abrud map
sheets (scale 1:50 000). This is supported by the geometry of the tectonic line. The fact that in several
places there is a continuation of the Maastrichtian sedimentation across the reverse fault line suggests
an Early Maastrichtian or intra-Maastrichtian age for it (Săndulescu, 1984). The Late Cretaceous, preMaastrichtian sediments are missing on the southern compartment of the fault, indicating an erosion
before the deposition of Maastrichtian strata. The exact age of the fault can be established only by new
detailed paleontological investigations, because in some areas the Latest Maastrichtian sediments
seem also to be cut off by some younger Laramian thrusts. In conclusion, the Bucium Nappe
disappears because the formations older than the Pârâul Izvorului belong to the Austrian Feneş
Nappe. The deposits younger than Pârâul Izvorului represent three post-tectonic cover units in a higher
position: post-Austrian, Albian-Cenomanian in age; post-Mediterranean, Coniacian-Campanian in age
(Gosau facies sediments); post-Early Laramian, Maastrichtian in age (probably Late Maastrichtian).
The last two covers transgress also the Baia de Arieş crystalline. The Medreşti Village-Hărăguş Hill
tectonic line constitutes a simple reverse fault, which grades in a thrust towards west, projecting farther
into the Criş Nappe frontal line. The Metalliferous Mountains Nappe (Balintoni, 1997) is the first true
Laramian tectonic unit in the southern part of the above discussed region (Fig. 2). Within this nappe,
the Austrian Feneş Nappe is situated in the lowermost position.
II. Does the Vidolm Nappe exist?
The existence of a Laramian basement nappe in the northern Trascău Mountains was
postulated for the first time by Russo–Săndulescu and Berza (1976). These authors delineated, at the
Valea Muntelui headwaters, a volcano-sedimentary formation beneath a Baia de Arieş-type crystalline.
The Baia de Arieş crystalline constituted the autochthon during the Austrian emplacement of the
Transylvanides. During the Mediterranean orogenic phase, the Baia de Arieş crystalline formed the
Baia de Arieş Nappe, the uppermost tectonic unit of the Biharia Nappe System (Northern Apusenides).
In that time, the Baia de Arieş Nappe moved together with the Austrian Transylvanides, situated on its
back. During the Laramian orogenic phase, the Baia de Arieş crystalline, as a component of the Baia
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de Arieş Mediterranean Nappe, has been involved in the „out-of-sequence” tectonics, specific for this
period in comparison with the previous orogenic phases. Thus, in this later deformation cycle, the Baia
de Arieş crystalline thrust in places over the Transylvanides. The status of the crystalline outcrops
known in the Transylvanides domain was confused before 1986, when Balintoni and Iancu have
shown, that inside the Transylvanides, there is a tectonic unit built up of a crystalline sequence different
of the Baia de Arieş crystalline. They called this nappe as „Colţul Trascăului”, and the constitutive
crystalline as „Trascău Series”. This nappe is a Transylvanide, without connection with the Baia de
Arieş Nappe. The volcano-sedimentary formation should be part of the banatitic volcanic suite, Late
Cretaceous in age, which would indicate a Laramian age for the crystalline overthrusting. RussoSăndulescu and Berza (1976) did not discuss the continuation of the basement overthrust, but they
named the lower unit „Boierişte”, considering its outcropping as a tectonic window.

Fig. 1. Structural sketch of South Apuseni Mountains between Bucium and Blăjeni. 1- Baia de
Arieş Nappe crystalline; 2 - Feneş Nappe; 3 – Late Aptian-Early Albian syn-tectonic formations;
4 - post-Austrian sedimentary cover (Late Albian-Cenomanian); 5 - post–Mediterranean
sedimentary cover (Coniacian – Early Maastrichtian); 6 - post – Early Laramian sedimentary
cover (Late Maastrichtian); 7 - Frasin Nappe; 8 - Vulcan Nappe; 9 - Tertiary magmatic and
sedimentary rocks; 10 - banatites; 11 - intra-Maastrichtian overthrust; 12 - intra-Maastrichtian
thrust; 13 - Latest Maastrichtian overthrust; 14 – The boundary between the Criş Nappe and
the former Bucium Nappe; 15 – Unclear relationship. B – Feneş Nappe over the Baia de
Arieş Cristallyne, C – Feneş Nappe as part of the Criş Laramian Nappe, MM – Feneş Nappe
as part of the Laramian Metaliferous Mountain Nappe.

Bleahu et al. (1981) assumed that the Boierişte tectonic window is part of the Feneş Nappe
and assigned consequently the crystalline situated above the Boierişte, to the new Fundoaia
Nappe, which can be traced close to the Mănăstirea Valley. In their hypothesis, the Fundoaia
Nappe was formed by the Baia de Arieş-type crystalline. In that area, these authors distinguished,
beneath the Fundoaia Nappe, the Hospea Nappe, also a new nappe, and they put together the
Fundoaia and Hospea nappes within the Bedeleu Nappe System. This system is tectonically
situated higher than the Feneş Nappe, and overthrust during the Laramian orogenic phase as a
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single entity. Westward of the Bedeleu summit, Bleahu et al. (1981) have drawn two tectonic lines:
a vertical fault limiting the extent of the Fundoaia Nappe, and a thrust, in the front of the Feneş
Nappe. Lupu (1983) maintains Bleahu’s et al. (1981) scheme, but he considers the frontal line of the
Feneş Nappe as being an overthrust along its northern part.
Based on the structural sketch drawn by Russo-Săndulescu and Berza (1976), Săndulescu
(1984) divided the Fundoaia Nappe sensu Bleahu in: a) the Fundoaia Nappe s.s., formed from
ophiolites and crystalline limestones and b) the Vidolm Nappe, composed from the Baia de Arieş type
crystalline overlying the volcano-sedimentary formation of the Boierişte tectonic window. This is a new
concept, because within the Transylvanides domain two basement nappes (Fundoaia s.s. and Vidolm)
appear. In this case, the Fundoaia Nappe s.s. is placed between the Vidolm Nappe and Bedeleu
Nappe (or Trascău Nappe). According to Săndulescu (1984) the Feneş Nappe is in a higher position
than the Vidolm Nappe, a correct vision, because he knew that the Baia de Arieş crystalline
represented the autochthon for the Transylvanides, a fact neglected by Bleahu et al. (1981). The
relation between the Fundoaia Nappe s.s. and the Feneş Nappe cannot be estimated because they do
not come in contact one with each other. Towards the south, the Fundoaia Nappe s.s. ends before the
onset of the Feneş Nappe. Westwards, the front of the Vidolm Nappe is traced somewhere beyond the
Feneş Nappe boundary in the sense of Bleahu’s et al. (1981). Additionally, Săndulescu suggests a
possible subdivion of the Fundoaia Nappe s.s. into two units, because the metamorphosed limestones
lie above unmetamorphosed ophiolites.
Balintoni & Iancu (1986) described the Colţu Trascăului Nappe (see above), formed by Middle
Paleozoic metamorphics, emplaced above the Izvoarele and Valea Muntelui nappes. Mapping the
Trascău Mountains region, the cited authors found that, beneath the Trascău Series crystalline and
over the Baia de Arieş crystalline (as part of the Baia de Arieş Nappe), two types of formations were
situated: Aptychus Beds and ophiolites. The very intricate relations between the two rock-suites have
been solved tectonically, supposing that the ophiolites overthrust the Aptychus Beds. The Aptychus
Beds have been included in the Izvoarele Nappe and the ophiolites in the Valea Muntelui Nappe.
Ulterior researches (Balintoni, unpublished data) suggested that the Valea Muntelui and Izvoarele
nappes can be paralleled with the Feneş Nappe. Balintoni and Iancu (1986) admitted that the Baia de
Arieş Nappe has been intersected by a Laramian tectonic plane; its rear part, together with the
Transylvanides on its back, overthrust the Boierişte volcano-sedimentary sequence located on the
frontal part of the Baia de Arieş Nappe, together with the post-Mediterranean sediments. They named
this Laramian tectonic unit the Lunca Arieşului Nappe. Its frontal line was traced approximately along
the frontal course of the Feneş Nappe drawn by Bleahu et al. (1981) and Lupu (1983). The justification
of this option was given by the supposition that alongside of this line, the bottom conglomerates of the
Albian Ponor Formation were in an abnormal contact with Late Cretaceous deposits.
For tracing a Laramian tectonic plane, only two possibilities exist westward of the Bedeleu
summit: immediately west of the summit, where the Baia de Arieş-type crystalline, carring on its back
the Albian conglomerates, thrusts in places the same Albian conglomerates; or along the foregoing
reported contact, where the Albian conglomerates seemed to be situated over Late Cretaceous
deposits. The thrust, which sometimes cuts off the conglomerates but in other places stays within the
conglomerates, can be interpreted, at most, as an inverse fault, not as an overthrust. Consequently,
only the second possibility remained for solving the issue of the Lunca Arieşului Nappe front position,
because, apparently, along that line the older formations were situated above the younger ones.
With the occasion of the Poşaga sheet mapping, Lupu (in Balintoni et al., 1987) showed that
the relationship between the Albian and Late Cretaceous sediments is normal, transgressive and not
tectonic.
The geological relations projected onto the Poşaga map sheet do not permit the tracing of a
Laramian overthrust westward of the Bedeleu summit (Trascău). As a consequence of this situation,
there is no way of advocating further on the existence of the Vidolm or Lunca Arieşului Nappe.
With respect to the conclusion that the Vidolm Nappe (or Lunca Arieşului) does not exist, the
geological enigma of the volcano-sedimentary formation from the Boierişte area, remains to be
understood. Thus, three explanations can be suggested, as follows:
1. The volcanic formation consists of the remnants of an explosive activity, similar with those
known from the Baia de Arieş or Roşia Montană Neogene areas, containing polymictic
breccias.

Studia Universitatis Babeş-Bolyai Cluj-Napoca, Seria Geologia, Special Issue, 2003

2. It represents some Quaternary deposits generated at a dolina-bottom, by drainage. The
discharge probably took place along the contact between the Colţu Trascăului limestones
and the Baia de Arieş Nappe crystalline.
3. A combination of these both hypotheses.
III. The significance of the Bozeş Nappe
There are two important issues to be clarified about the Bozeş Nappe, as it was originally
defined by Bleahu et al. (1981):
1. Does it really represent a tectonic unit?
2. To which mountains does it belong: the Apuseni Mountains or the South Carpathians?
Ianovici et al. (1976) described the unit which was believed later to represent the sedimentary
component of the Bozeş Nappe (Bleahu et al., 1981), as „the Turonian? – Senonian from the southeastern part of the Metalliferous Mountains”. Consequently, this succession should represent the posttectonic cover of some Austrian tectonic units from the South Apuseni (Căpâlnaş-Techereu and Feneş
units). On the other hand, these sediments transgress on the Rapolt crystalline and on the Sebeş
Mountains crystalline, both belonging to the South Carpathians. Ianovici et al. (1976) included in the
„Turonian?-Senonian from the south-eastern part of the Metalliferous Mountains” the Bobâlna,
Geoagiu and Bozeş beds, the last one being considered as a 3000 m thick typical flysch. Bordea et al.
(1978) called the three lithostratigraphic entities a „Cretaceous post tectonic cover”. Josefina Bordea (in
Borcos et al., 1981) assumes an overthrust in front of the Bozeş Beds.
Bleahu et al. (1981) denominated the Bobâlna, Geoagiu and Bozeş beds as „formations” and
included them, together with the Rapolt crystalline, in the Laramian Bozeş Nappe. A questionable
tectonic line was drawn westward of the Rapolt crystalline. In the general sketch of the tectonic units
from the South Apuseni Mountains, the Bozeş Nappe was placed between the „Bedeleu Nappe
System” and the Valea Mică-Galda Nappe. In the Bulbuci zone, in a tectonic window, outcrops of the
Fenes and Valea Mica-Galda nappes occur beneath the Bozeş Nappe.
Lupu (1983) arranges the Bozeş Nappe between the „Bedeleu Nappe System” and the „Criş
Nappe System”.
The conclusion which can be drawn from the last two models, is that the Bozeş Nappe is a
tectonic element of the South Apuseni Mountains although the Rapolt crystalline evidently belongs to
the South Carpathians.
Săndulescu (1984) considers the Bozeş Nappe as a cover unit, consisting of Late Cretaceous
deposits. Towards the south, it is bordered by the South Transylvanian Fault, which separates it from
the South Carpathians. In this way he tries to solve the contradiction existant in the previous models.
On the tectonic sketch of the Meridional Apusenides by Săndulescu (1984), the South Transylvanian
Fault passes towards southern part of the Transylvanian Depression, northward of the Rapolt
crystalline. The mapping data does not support this hypothesis, because there are no any important EW striking faults within the Bozes Beds (Bordea et al., 1978).
Aware of this problem, Balintoni (1997) refers to the Mureş Laramian Nappe as a major tectonic
unit, formed of the Bejan, Căbeşti and Căpâlnaş-Techereu Austrian subsidiary nappes, and includes in
it also the Rapolt crystalline and Bozeş Beds. In this model, the frontal overthrust of the Bozeş Beds is
prolonged westward into the Căpâlnaş-Techereu Laramian overthrust. Balintoni (1997) assumes that
the pre-Laramian South Transylvanian Fault passes between the Bejan and the Căbeşti units, but does
not cut off the Bozeş Beds, continuing eastwards beneath them. This model can be improved
considering the following facts:
1. The Bozeş Beds transgress the Rapolt and the Sebeş Mountains crystalline. They are also
very weakly deformed, similar to the Deva Beds, transgressing over the contact between the PoianaRuscă crystalline and Bejan Unit.
2. In contrast to the Deva and the Bozeş beds, the Late Cretaceous formations of the South
Apuseni Mountains are strongly folded and faulted.
3. The amplitude of the South Apuseni Laramian thrusts and overthrusts diminishes towards
the north, becoming vertical faults; at the northern end of the Trascău Mountains, eastern vergencies
are observable too.
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4. The age of the tectonic contact between the Căbeşti and the Bejan units is Laramian, as it
cuts off the Turonian-Latest Cretaceous Deva Beds.
5. The vergences of the Laramian thrusts within the Transylvanian Depression are eastward
oriented (Ciulavu, 1998).
Based on these observations, we may conclude:
1. The Bozeş Beds, together with the Rapolt crystalline, the Poiana Ruscă crystalline and the
Bejan Unit form a single Laramian tectonic unit, being part of the South Carpathians. This unit can be
called the Bozeş Nappe.
2. From Groşi till the north of Deva, the boundary of the Bozeş Nappe towards the Căbeşti Unit
is almost vertical, representing a dextral strike-slip fault. At its western tip, between Burjuc and Groşi,
Dinică et al. (1994) described strong mylonites developed in the sedimentary rocks of the Căbeşti Unit.
These mylonites were misinterpreted as Paleozoic low grade metamorphics by Lupu et al. (1991).
3. The frontal boundary of the Bozeş Nappe does not represent the South Transylvanian Fault.
The north-eastern prolongation of the Bozeş Nappe frontal line remains to be searched along the
suture between the Preapulian and the Getic cratons. Its amplitude decreases towards north. Between
Groşi and Deva this boundary can be defined as the South Apuseni Fault. Only between Deva and
Alba Iulia it shows the features of an overthrust, because along this segment its direction changes. This
changing in direction can be considered as a restraining bend along a strike-slip fault, the necessary
condition for the appearance of oblique overthrusts.
4. The character of the South Apuseni Laramian deformations can be better explained if we
accept a counterclockwise rotation of the Preapulian Craton around a pole situated next to the Preluca
Massif. The paleomagnetic evidence for the supposed rotation is missing, but otherwise it is very
difficult to constrain the gradual increasing of the Laramian thrust amplitude towards south-west, and
also the west-east straight trace of the South Apuseni Fault.
5. Due to the separation of the Bozeş Nappe, previously a component of the Laramian Mureş
Nappe (Balintoni, 1997), only the Căbeşti, Căpâlnaş-Techereu and Ardeu Austrian tectonic units
remained to compose the Mureş Nappe.
6. The initial thrusting of the South Carpathian crystalline over the South Apuseni took place
before the Latest Cretaceous times. During the Laramian orogenic phase, the South Carpathians
thrusted again over the South Apuseni Mountains, together with the Bozeş Beds.
IV. The Laramian Transylvanides
As we already showed, Ianovici et al. (1976), Bleahu et al. (1981), Lupu (1983), Săndulescu
(1984) and Balintoni (1994, 1997) presented some general structural schemes of the Southern
Apuseni Mountains, yet Balintoni (1994) made the first attempt to group the Transylvanides in an
Austrian set and a Laramian one. In the latter he put together the Bucium, Frasin, Vulcan, Groşi, Criş,
Feneş, Curechiu-Stănija and Căpâlnaş-Techereu tectonic units.
In 1997, he modified the former scheme and noticed the following Laramian Transylvanides:
Groşi, Criş-Bucium, Vulcan, Frasin, Metalliferous Mountains one, Curechiu-Stănija and Mureş.
The data presented here, combined with the analysis of the Zlatna (Borcoş et al., 1981) and
Brad (Bordea & Borcoş, 1972) sheets of the Geological Map of Romania, scale 1:50 000, improved
this scheme. In a new tectonic map (Fig. 2), the Laramian Transylvanides consist of the following
nappes: Groşi Nappe; Criş Nappe; Vulcan Nappe; Frasin Nappe; Metalliferous Mountains Nappe;
Mureş Nappe. In fact, the Vulcan and Frasin nappes exemplify no more than some tectonic
„klippen”. The Metalliferous Mountains Nappe contains as Austrian Transylvanides, the Feneş,
Colţul Trascăului and the Bedeleu nappes. The Mureş Nappe is formed from the Curechiu-Stănija,
Căpâlnaş-Techereu, Ardeu and Căbeşti Austrian Transylvanides. The relation between the
Căpâlnaş-Techereu and Căbeşti units is still not completely understood. Parts of the Feneş Nappe
preserved also under the Latest Cretaceous cover of the Baia de Arieş Nappe and within Criş
Nappe body.
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Fig. 2. The Laramian tectonic units of the South Apuseni Mountains: 1) Biharia Nappe System and
its cover; 2) Groşi Nappe; 3) Criş Nappe; 4) Metalliferous Mountains Nappe; 5) Mureş Nappe; 6) Frasin
Nappe; 7) Vulcan Nappe; 8) Bozeş Nappe (South Carpathians); 9) Tertiary Formations; 10) strike-slip
movement.

In a palinspastic reconstruction of the Late Jurassic-Early Cretaceous sedimentation of the
Transylvanian Rift, two big facial zones can be pointed out. One of them, represented by reef
limestones installed on arc-type and MORB-type volcanics, is situated in a south-eastern position.
The other one, constituted typically of Aptychus Beds, is located in a north-western position. The
basement of the Aptychus Beds is not well-known, being expressed in places by volcanic
agglomerates, lavas and radiolarites. They deposited off the arc, in deeper waters. The reef
limestones crop out in the Bedeleu, Ardeu and Căpâlnaş-Techereu ATS. The Aptychus Beds are
localized in the Feneş Nappe and they are also included as olistoliths in the Albian wildflysch
sequence of the Groşi LTS. In the Criş LTS and the Curechiu-Stănija ATS, Late Jurassic-Early
Cretaceous micritic limestones, facially similar to the Apthychus beds, develop.
Considering the above information, we can suppose that, initially two big ATS weere
generated, an external one formed mainly of Aptychus Beds and micritic limestones, and an
internal one built up of volcanics and reef limestones. First of them has been represented by the
Feneş Nappe, emplaced on the Baia de Arieş crystalline. The other one overthrust the Feneş
Nappe. During the Laramian orogenic phase, the Feneş Nappe was divided in several fragments.
The frontal fragment remained on the Baia de Arieş crystalline, covered by the post-Mediterranean
sediments. Another fragment is known at the base of the Metalliferous Mountains LTS; and
another one is part of the Criş LTS.
It is not clear if the Curechiu-Stănija ATS was a constituent of the Feneş Nappe, or formed a
separate nappe or was a marginal piece of the upper big ATS.
The southern boundary of the Laramian Transylvanides runs along the northern front of the
Bozeş Nappe.
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APPLIED MINERALOGY AND EXPLORATION TECHNIQUES ON THE DEVELOPMENT OF
THE ROŞIA MONTANĂ GOLD DEPOSIT (ROŞIA MONTANĂ, ROMANIA)
Gary V. O’Connor 2, Cecilia Szentesy1, Radu Breban1

A number of applied mineralogy and exploration techniques have been used in the
exploration and development of the Roşia Montană Gold deposit, Roşia Montană, Romania. The
deposit is situated within the Apuseni Mountains region, approximately 65 kilometres west of the
regional centre of Alba-Iulia and has been the focus of ongoing gold exploitation for over 2000
years (Fig. 1).
The exploration and development of the deposit has included the collection of 92,359
metres of drill samples from 695 underground and surface drill holes, including 28,439 metres of
diamond drilling and 63,920 metres of reverse circulation drilling, in addition to 59,584 metres of
underground channel sampling from the more than 140 kilometres of known underground
development at Roşia Montană. These samples and underground access formed the source for
much of the applied mineralogy and exploration techniques conducted.
The exploration program has included mineralogical studies on thin and polished sections.
The use of fluid inclusion studies, XRD and microprobe analysis has also been applied to assist in
the program. The geology and alteration, as well as structural setting have been modelled utilising
Vulcan three-dimensional software. The same software has been used for the development of the
resource estimation model and subsequent reserve model. The resource model has been
calculated using ordinary kriging, multiple indicator kriging, inverse distance squared, and nearest
neighbour techniques using 10 x 10m, 15 x 15 m and 20 x 20 x 10 m block sizes. The model and
linked databases, using AcQuire and Micromine databases, also include all geological characteristics,
geotechnical properties, metallurgical properties including recoveries, geophysical properties including
hardness and abrasiveness, and geochemical properties including sulphur, sulphate and analysis
of up to 47 elements, as well as the ABA and ARD properties of all rock types linked to the known
mineralogy and geology.
The databases and models enable Roşia Montană Gold Corporation to know and
understand the geology, mineralogy as well as the geochemical and geophysical characteristics of
every block and thus rock type in the deposit.
Geology
The Roşia Montană deposit is hosted within rhyo-dacitic extrusive dome complexes and
associated phreato-magmatic breccia complexes of Mid-Miocene age (13.5 Ma). The eruption of
later andesitic flows and associated pyroclastics occurred in the area at 10.9 to 9.3 Ma. The
magmatic rocks are hosted within Cretaceous age sediments, comprised dominantly of shales with
subordinate sandstones, conglomerates and limestone units. Late basaltic andesite events have
erupted at 7.4 Ma approximately 7 kilometres south east of Roşia Montană (Roşu et al., 1997;
Pécskay et al., 1995).
Mineralogy
Gold mineralisation is associated with sulphides and sulpho-salts, including pyrite, sphalerite,
galena, chalcopyrite, tetrahedrite (Ag-rich), proustite, argentite as well as tellurides (intermediate
sulphidation). There is evidence for an early pyrite-arsenopyrite stage (low sulphidation). The Ag:Au
ratio is highly variable, from low to high (associated with sulphides).

2

S.C. Roşia Montană Gold Corporation S.A., 20, I.C. Brătianu, Str., RO-2500 Alba-Iulia, Romania. E-mail:
<gary.oconnor@rmgc.ro>.
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Fig. 1. Geology and location of the Roşia Montană deposit.

Gangue minerals are dominated by quartz, rhodochrosite, calcite, adularia and barite.
Carbonate (rhodochrosite) plus base-metal sulphides decrease upwards and chinga veins (sulphidic
siliceous rock flour) decrease with depth (Hedenquist, 2003).
Variable degrees of silicification, illite haloes, argillic zones and broad propylitic alteration
are present also.
Applied Mineralogy
Based on fluid inclusion studies it has been modelled that the paleo-surface occurred at an
elevation of approximately 1300 m asl. The current maximum elevation is 1046 m asl at Cârnic
(Tămaş, 2002). Fragments of Cretaceous sediments as well as underlying Palaeozoic metamorphic
rocks are present in the diatreme and hydrothermal breccias, in addition to dacitic fragments,
indicating extensive vertical transport. Additionally wood fragments have been seen at depths of
approximately 150 m below the current surface within hydrothermal breccias as well as at the
current surface at Cârnic indicating large vertical convective movement within the breccias.
Fluid inclusion studies have indicated temperatures of deposition of 212-2580C (average
0
230 C) for quartz and 217-2530C (average 2380C) for carbonates, from very dilute (0.35-3.23 wt%
NaCl) hydrothermal fluids (Leach & Hawke, 1997).
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Exploration Techniques
The exploration of the Roşia Montană deposit has utilised the applied mineralogical studies
to direct the exploration program in identifying gold mineralisation. The acquisition of data on the
diamond drilling, on reverse circulation drilling and channel sampling program was conducted
using pocket computers utilising “Field Marshall” software to digitally collect all geological and
geotechnical data. This was down-loaded on a daily basis into “Micromine” and stored and
validated in “AcQuire” data-bases. One metre samples were collected from all sampling media,
with one in every 20 samples field duplicated. Samples are prepared to 98% -150 micron in LM-5
pulverisors and assayed for Au by a 50 g charge fire assay charge technique and Ag, Cu, Pb and Zn
by AAS at the SGS managed laboratory in Gura Roşiei. Upon submission one “blind” internationally
accredited standard is submitted for every 20 samples, plus on a monthly basis approximately 3%
of all samples are sent for independent check analysis at laboratories in Australia and Canada.
Total S, sulphide and sulphate analysis has been determined by Leco furnace and multi-element
analysis by ICP-MS or ICP-AES and, where appropriate, by cold vapour AAS.
Over the course of the program to date, 5053 bulk density measurements have been made
on selected drill core. Additionally all drill holes are surveyed both at surface and down hole, as
have the underground drives. Aerial photography was used to produce 2 m contour maps and
Landsat-TM, Aster and Spot satellite imagery has assisted in remote sensing analysis of the area.
Geophysical techniques utilized have included aerial helicopter borne magnetics, the use of field
magnetic susceptibility meters and ground induced polarisation and resistivity electrical methods
as well as AMT surveys.
Three dimensional geology, alteration, mineralogical and resource models have utilised
Vulcan software, which has also been used for generating digital terrain models. These models contain
all available geological, geotechnical, mineralogical, metallurgical, geochemical, geophysical and
physical characteristics of the deposit, which are used for modelling all aspects of the development of
the deposit (Gossage & Barnes, 2002).
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THE MINERALOGY AND TECHNOLOGICAL PROPERTIES OF SOME KAOLINS USED IN THE
CERAMIC INDUSTRY
Marcel Benea3, Maria Gorea1

Three different kaolin types used in the ceramic industry (KO1 and MK2 kaoline from
Ucraina and respectively BOJ kaoline from Bulgaria) were analysed by different methods in order
to obtain a complete mineralogical and technological characterisation. Studies were carried out by
using a combination of analyses of both, the bulk sample and the fine fraction. Following a wellestablished pre-treatment methodology (use of chemical reactives, ultrasonic treatment, dispersion
procedures), clay mineral concentration by centrifugation and sedimentation, oriented and random
powder preparation, cation saturation, expansion/dehydration methods, a number of 12 X-ray
diffraction (XRD) patterns 4were obtained for each sample. The interpretation of XRD patterns of
the bulk samples, and of the fine clay fraction (< 2 µm) led to the identification of the following mineral
phases: kaolinite, illite, quartz, and in a single one sample, also vermiculite. The semiquantitative
mineralogical composition was determined based on peak intensities (mostly of lower orders) and
peak areas corrected by various factors. The Hinckley crystallinity index was obtained measuring
the heights of the (1 10) and (11 1) peaks. Scanning electron microscopy5 was also used in order to
illustrate the identified mineral phases. For a better characterisation, the cation exchange capacity
(CEC) and surface area (SA) were also measured by absorption of methylene blue. The particle
size distribution was obtained using a laser granulometer 6. The results of the above mentioned
investigations are given in Table 1.

Table 1.
Semiquantitative mineralogical composition (wt.%)
and physical features of kaolin raw materials
Mineral/
Parameter
Kaolinite
Illite
Quartz
Vermiculite
CEC [mequ/100 g]
2
SA [m /g]
Hinckley index
Granulometry [%]:
< 1 µm
< 20 µm
< 60 µm
< 100 µm

3

Kaolin type/sample number
KO1 / 4810
MK2 / 4811
BOJ / 4812
89.00
69.85
82.95
6.00
19.50
10.40
5.00
7.65
6.65
3.00
36.10
31.30
36.70
310
269
316
0.44
0.87
1.35
15.36
92.57
100.00
100.00

2.64
59.12
98.39
99.93

11.15
98.40
100.00
100.00

“Babeş-Bolyai” University of Cluj-Napoca, 1, Kogălniceanu Str., Dept. of Mineralogy, RO-3400 Cluj-Napoca,
Romania. E-mail: <mbenea@bioge.ubbcluj.ro>, <mgorea@bioge.ubbcluj.ro>.
4
XRD: Philips PW 1710 diffractometer equiped with Bragg-Brentano geometry, copper anticathode (45kV, 40
mA), and graphite monochromator (University of Vienna, Austria).
5
SEM: Philips XL30 ESEM (University of Vienna, Austria).
6
Fritsch-Analysette 22 type Laser Granulometer (S.C. Faimar Baia Mare, Romania).

Studia Universitatis Babeş-Bolyai Cluj-Napoca, Seria Geologia, Special Issue, 2003

The main technological characteristics (dry and firing shrinkage, Pfefferkorn plasticity index,
rheology, resistance, color after firing) of the ceramic masses prepared by using the analyzed
kaolin types were also established.
There is a direct relationship between the mineralogical composition and particle size
distribution of different kaolin types vs. the technological properties of the raw and fired ceramic
products.
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MINERAL RESOURCES EXPLOITATION IN THE BRAŞOV COUNTY (ROMANIA):
OPPORTUNITIES AND THREATS TO SUSTAINABLE DEVELOPMENT
Doina Catrinel Blănaru7, Dan Domnişoru1

The paper presents an alternative approach to the relation: “mineral resources –
environment protection” vs “economy – sustainable development”. The regional strategies and
policies, turned towards sustainable development by valorifying natural resources and especially
regenerable mineral resources, may provide considerable income to local communities, without
having a negative impact on the environment. Thus, the reevaluation of the mineral water
resources having therapeutic effect from Braşov county (Romania), the measures taken for their
protection as well as the studies undertaken for their rehabilitation and introduction in the touristic
circuit are elements of the county strategies for a sustainable development. The threats of
excessive and uncontrolled exploitation of the mineral resources both on the environment and on
local communities, are presented also in the paper.

7

Environment Protection Office of the Braşov County Council, Romania.
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ISOMORPHIC SUBSTITUTIONS IN HIGH AND LOW VESUVIANITE STRUCTURE
Elena Yu. Borovikova8

Vesuvianite is an ortho-disilicate with complicated chemistry. Its general formula can be
written as X19Y13Z18O68T0-5W10, where X is Ca and other large cations occupying 8-coordinate sites,
Y are cations occupying 6 and 5-coordinate sites, as Al, Mg, Fe, Ti etc., Z are Si occupying 4coordinate sites, T is B in 3 and 4-coordinate sites, and W are monovalent and divalent anions:
OH-, F or O. Depending on atoms ordering in the structure, vesuvianite crystallizes in P4/nnc (high)
or P4/n (low) space group. Low vesuvianite occurs in metamorphic rocks formed at low
temperatures [< 300ºC, compared to those containing high vesuvianite (400 - 800ºC)].
A collection of more than 50 vesuvianite samples was investigated by a number of
analytical methods such as electron microprobe analysis, IR-spectroscopy, Mössbauer spectroscopy
and others. Vesuvianite samples were separated accordingly to their space groups, identified by
IR-spectra.
On the basis of Mössbauer spectroscopy data, the schemes of high vesuvianite
isomorphism are specified. It is shown that the
Al + Fe2+ = Fe3+ + Mg
and

(1)

(Mg + Fe2+ + Mn) + Ti4+ = 2(Al + Fe3+) (2)
schemes are realized simultaneously and supplement each other. The scheme (1) plays
the basic role, while the scheme (2) has a subordinated role.
Based on low vesuvianites IR-spectroscopy data, we suppose the ordering of different
cations in the new Y(3a) and Y(3b) positions. The ordering of Y cations in two nonequivalent Y (3)
sites may result in two ways: 1) Mg, Ti and Al occupy one of these sites, and Al, Fe3+ - the other
one; 2) Mg and Al occupy one of Y(3) sites, and residual Al and high-valency cations occur in the
other one. Thus, for charge-balance reasons, the OH-groups have to be substituted partly by
O(11).
B can replace H in O(10) position, which is accompanied by the occurrence of new oxygen
positions O(12) with triangular coordination around boron atoms. B can also occupy [O(11)2 O(7)2]
tetrahedra. Thus, the positions of two atoms of hydrogen connected with O(11) should be vacant
due to very short distance H - B. The IR-spectra of vesuvianites at 1300 - 1000 cm-1 have shown
that in the samples from rodingites the small quantity of B is triangular coordinated, replacing H in
the O(10) position (1270 cm-1 vibration bond). In vesuvianites from skarns, at decreasing Al
content, B starts to fill the tetrahedra (1110 cm-1 vibration band) besides triangles. The isomorphic
scheme B + (Mg, Fe)2+ = 2H + Al is realized. B occurs in the tetrahedra of high Al and Mg, in
practically Fe-free samples from the Talnakh skarns, generated by a rodingitization process. There
the realized scheme of isomorphism is B + Mg = 2H + Fe3+.
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DYNAMICS OF EXPLOITATION AND TYPES OF MINING WORKINGS IN ALBURNUS MAIOR
ANCIENT MINING SITE (ROŞIA MONTANĂ, NW ROMANIA)
Béatrice Cauuet9, Călin Tămaş10

At the beginning of the 2ndcentury A.D. a new economic space opened in the northeastern
extremity of the Roman Empire. Rome acquired Dacia after the Trajanus's victorious campaign in
106 A.D. against Dacian king Decebal. The assets of this new territory were based on the presence of
important metalliferous resources among which, gold and silver were the most important ones.
Located within the Apuseni Mountains, the Roşia Montană gold-silver ore district is one of
the richest in Europe. The mining perimeter has about 6 km² and still remains extremely rich. In the
ancient site of Alburnus Maior, located along the Roşia Valley, the mining activity developed mainly
after the 2ndcentury A.D. According to some estimation, initially about 1000 t of gold and 3000 t of
silver were concentrated within this ore deposit.
After twenty centuries of almost continuous exploitation of the Roşia Montană epithermal
ore deposit centred on a phreatomagmatic breccia pipe structure (the Cetate breccia), the reserves
would still be of more than 300 t of gold. These reserves were recently pointed out by S.C. Roşia
Montană Gold Corporation S.A., a Romanian-Canadian mining company which is preparing an
exploitation in a large open pit.
This mining project comprises the exploitation of the ore bodies hosted by the Cetate and
Cârnic massifs, which surround the actual village. These two massifs, as well as other areas of the
mining perimeter, contain important archaeological vestiges of the pre-Roman, Roman and
medieval times. This is the reason why very important archaeological rescue diggings and studies
were started before the initiation of the exploitation activity.
Thereby, the most important archaeological rescue programme from Romania, supervised
by The Museum of National History of Romania (Bucharest). Developed since 2000 under the name of
“National Programme Alburnus Maior”. The aim is to identify and study the various archaeological
sites from the surface (settlement areas, necropolis, sanctuaries, roads, workshops etc.) as well as
underground vestiges, namely the various mining networks preserved in spite of modern mining reopenings. Several Romanian archaeological teams from various institutes, museums and universities
are running diggings in the field at the surface, as well as an international team including French
mining archaeologists, Romanian and German geologists specialized in the study of the underground
and surface mining works.
After four years of survey (1999-2002) and three years of digging campaigns (2000 - 2002),
the team of mining archaeologists engaged on the site is now able to present a first report
regarding the dimension, the quality and the peculiarities of the mining vestiges. Beyond the wealth
of this patrimony, the well-developed mining areas offer a coherent vision of the underground
topography. It is centered upon the strategic choices of the miners regarding the shape of mining
workings, their distribution, their connections and their relationships. These choices and the adoption
of the typical plans of networks, of relatively standardized works (trapezoidal galleries, narrow
stopings, chambers with pillars), associated to a rigorous follow-up of the mineralization markers
(i.e. silicification), appear in an evident way in the reconstituted plans of the mine.
The plans of the ancient mining networks reveal a strategy of exploitation and a division of
the mining space in a relatively regular shape in certain parts of the ore deposit. The topographic
observations together with the chronological data supplied by the diggings emphasize a regular
distribution of several exploitation zones in the Roman times, during 2nd and 3rd centuries. The
exploitation zones are of comparable size and they are connected among them by major connection

9

Université Toulouse Le Mirail, 5, Allée Antonio Machado, 31520 Toulouse, France.
“Babe ş-Bolyai” University of Cluj-Napoca, 1, Kogălniceanu Str., Dept. of Mineralogy, RO-3400 Cluj-Napoca,
Romania. E-mail: <ctamas@bioge.ubbcluj.ro>.

10

Studia Universitatis Babeş-Bolyai Cluj-Napoca, Seria Geologia, Special Issue, 2003

ways, mainly inclined galleries dug into the barren rocks in order to facilitate the access, transport
and the ventilation within the mining networks.
The ancient mining works were cross cut and sometimes enlarged by the modern mining
re-openings. Since the 18th century, the archaeological artefacts were collected and preserved, i.e.
tools and wooden equipments (ladders, propping, wheel of drainage), and especially waxed wooden
tablets wearing written contracts, in Greek or Latin, between the miners and the mining contractors.
The Roşia Montană ore deposit is located in the Apuseni Mountains, part of the Carpathian
chain. The Apuseni Mountains are divided into two major parts: the Northern and the Southern Apuseni
Mountains; called also Metalliferous Mountains. The Tertiary calc-alkaline magmatism/volcanism from
the Apuseni Mountains, tectonically controlled, generated porphyry copper systems and epithermal
precious metals ore deposits, concentrated in the Metalliferous Mountains within the so-called Golden
Quadrilateral.
The Roşia Montană gold-silver ore deposit is an epithermal one, according to its specific
features, such as: the morphology of the ore bodies, gangue and ore mineralogy, types and spatial
distribution of the hydrothermal alterations, as well as the geochemical association. The ore is
centered on two dacite massifs known as Cetate and Cârnic Hills, remnants of a dacite dome (the
Cetate dacite), and separated by a phreatomagmatic breccia pipe structure (the Cetate breccia).
This phreatomagmatic breccia pipe structure controlled the genesis of the Roşia Montană ore
deposit. At the ore deposit scale the genesis of the precious metals (gold, silver) ore bodies have
been mainly controlled by a maar-diatreme environment. The most important ore body from the
Roşia Montană ore deposit is the so-called Cetate breccia, which had a very high-grade ore.
Besides this breccia pipe body, other smaller ore bodies were equally exploited: veins, stockworks,
breccias, impregnations and placers.
The ancient exploitation focused especially on veins, breccias and stockworks. The study of
the underground workings proved that the ancients followed different markers related to the
occurrence of high ore grades, i.e. quartz veins, quartz-adularia veinlets, breccias (dykes or
pockets), silicified zones, stockworks, as well as the occurrence of native gold mainly in open
spaces or in quartz. The research and exploitation mining workings always focused in the highest
ore grades of the ore deposit, using these markers. The most wanted ore bodies were flatly dipping
and steeply dipping veins, and especially their intersections (the so-called “cross”), as well as the
crosscutting areas among breccias and veins, which represent high-grade ore bodies.
The richness of the Roşia Montană ore deposit is due to the occurrence and superposition
of various styles of mineralization. Thus, one may notice that within both Cetate and Cârnic dacite
massifs there are high-grade mineralized structures (veins, breccias, stockworks), which were
followed by the ancients from the surface by digging long descending galleries towards the “heart”
of the massifs. Within the high-grade ore bodies the exploitation was developed on horizontal as
well as on vertical by opening two or three close related mining levels (adits, stopings, wide rooms
with or without pillars). Such well-defined exploitation areas were afterwards connected by inclined
adits/planes. The underground mapping and sampling proved that the ancient exploitation stopped
when the ore grades dropped or when the workings hit barren rocks.
During these diggings, most of the supposed ancient identified vestiges were finally dated
from the Roman time. Radiocarbon dating obtained on wood fragments found in different mining
networks emphasizes that the mining activity was already very important even from the pre-Roman
(Dacian?) time in Rosia Montana. It then continued for a long time, then was revived and intensified
under the control of the Roman administration.
The mining vestiges are very well preserved and present several peculiarities that allow us to
identify them quickly. The ancient pre-Roman or Roman mining networks have systematically a
trapezoidal section. The presence of lamp notches within adits, inclined planes or shafts are specific for
Roman times. The mining workings have generally small dimensions, being always regularly calibrated
and opened mostly by iron tools (pick and\or chisel). The silicificated ore zones, with high hardness,
were mined out by fire setting especially close to the surface where the natural ventilation was
possible. The southern slope of the Cârnic massif as well as the southwestern part of the Cetate massif
(the Găuri area) preserved fire-setting mining workings. The radiocarbon dating confirms the Roman
age of these mining workings.
Among the different types of mining workings we may mention:
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- Various types of drifts: short research drifts or long circulation drifts leading to different
directions, or even exploitation drifts grouped next to each other in fan-shaped, star or chequerwork networks.
- Stopings or exploitation workings generally obtained by widening and deepening an older
gallery.
- Upward or downward the galleries called “descending drifts”, dug from the surface or
inside the massif between two isolated zones of exploitation. The floor of these galleries was often
cut astairs.
- Chambers with pillars, the result of the exploitation by cross-cutting galleries within a limited
space.
- Exploration and exploitation shafts with helical section, turning in right angle and containing
stairs at the base. The vertical shafts between two levels are generally short and very rare. The
ancient miners from the Roşia Montană preferred mostly inclined planes, with or without stairs as
well as long or short descending drifts but not shafts.
The main mining workings at Roşia Montană remain the galleries. They are adapted to all
the needs. In the current state of knowledge, few drainage systems have been observed, but the
flooded levels situated in the deeper parts of the massifs have not been yet reached. The surveying
should be pursued to help to find an answer to this important question.
Descending drifts connected to the surface should have done the ventilation of the deeper
levels of the mine. The narrow sections of the galleries and their trapezoidal shape (wide base at
the base) allowed to avoid mostly the wood propping of these small underground workings. In the
high stopings, wood notches in the walls testify the wood propping placed transversely, necessary
to support suspended wood floors. Despite the frequent occurrence of wood notches, the wood
propping itself is not preserved in the upper part of the explored mining workings. On the other
hand, in other parts of the site still not searched, as in the Orlea mining field wooden frames were
found in place in the galleries and furthermore, in the Ţarina mining field within a flooded shaft the
wooden propping was recognized during the survey.
Using a division of the whole ore deposit into several concessions, the Roman State
managed to develop the mining networks and of course to increase the production of precious
metals. The archaeological discoveries suggest that the ancient mining networks represent in fact
the final result of several decades of mining activity. The time span of Roman mining activity at
Alburnus Maior lasted for about one century and a half, with a period of very intense exploitation of
about half a century, which took place between the Roman conquest in 106 and the invasion of the
Marcomans in 167. The Roman mining activity seems to succeed probably after a phase of preRoman (Dacian ?) mining one.
The study of the underground plans of the preserved mining networks allows to restore a
well-defined spatial organization of the whole mine, as is the reflection of the economic planning
regarding the production established by the Roman fiscal administration in order to improve the
incomes for the Roman Empire. To study the Roşia Montana's mining workings, one needs to find
their logic of development, conditioned by the nature of the ore deposit, by the type and the
number of ancient mining developers, forced to work according to a program settled by laws.
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COMPARATIVE STUDY OF THE TETRAHEDRITES FROM THE METALIFEROUS MTS. AND
BAIA MARE DISTRICT (ROMANIA) BASED ON MICROPROBE ANALYSES
Gheorghe Damian11, Floarea Damian1

Introduction
Tetrahedrites are the most frequent minerals in the Neogene hydrothermal mineralizations
from Baia Mare district and of the Metaliferous Mts. The hydrothermal ore deposits from Baia Mare
area and South Apuseni Mts. are related to Neogene magmatism.
In the Baia Mare district the metallogenetic activity would correspond to three distinct
phases (Giuşcă et al., 1973) during the Sarmatian-Pontian. The mineralizations have mainly basemetal character, subordinately gold-silver and copper occur. The upper parts of the copper and basemetal mineralizations have important quantities of gold and silver.
In the Metaliferous Mts. (South Apuseni Mts.) the metallogenic activity is developed in two
phases in the Badenian and the Sarmatian (Vlad & Borcoş, 1994). The mineralizations are epithermal
mainly of gold-bearing type and subordinately gold/base-metal character. The ore deposits are
related to the subvolcanic bodies and are represented by the porphyry and hydrothermal vein
types. Tetrahedrites are dominantly present in the veins containing native gold, gold-telluride and
base-metal ± gold.

Tetrahedrite occurrences
The most frequent occurrences of tetrahedrites in Baia Mare and Metaliferous Mts. are
presented by Udubaşa et al. (1992). The majority of the investigated tetrahedrites from the Baia
Mare area comprise Sb content. Tennantite have been identified in the eastern part of the Băiuţ
and Cavnic district. The existence of tennantite has been proved in the copper mineralizations and
in the upper zones of the veins. Tennantite is usually zonated, occurring together with tetrahedrite
in parallel bands. Argentian tetrahedrites were identified at Ilba, Nistru, Herja, Băiut and Toroiaga.
They are very frequent at Herja where the milimetric tetrahedral crystals associated with jamesonite
(plumosite). These tetrahedrites have been identified only by microprobe analyses.
In the Metaliferous Mts. tetrahedrites associated with sulphides occur as grains smaller
than 1 milimeter. Veinlets and tiny grains occur frequently in chalcopyrite, sphalerite and galena.
Compact tetrahedrites masses are associated with silvanite at Săcărâmb.
The geochemistry of the tetrahedrites
Numerous tetrahedrite samples from several hydrothermal ore deposits from Baia Mare
and Metaliferi Mts. have been investigated by microprobe analyses, (JCXA accelerating voltage of
25 kV ISIM Timişoara and Jeol SEM with EDS accelerating voltage 20 kV Université D’Aix
Marseille III), (Table 1). Tetrahedrites from the Baia Mare district are rich in Sb while tetrahedrites
from the Metaliferi Mts. contain a higher quantity in As. Some tetrahedrites from the copper
mineralizations from the eastern Baia Mare district contain high amounts of As and they are zoned
in respect to their As content. Besides the main elements (Cu, Sb, As, S), Zn and Fe reaching up
to 7.69%, respectively 6.46%, were also determined in both areas. In Baia Mare district Zn is
predominant in tetrahedrites and Fe is predominant in tennantite. In the tetrahedrites from the
Metaliferous Mts. Zn is predominant compared with Fe. For the tetrahedrites from the Metaliferous
Mts. a high content of Mn is characteristic. The presence of Mn in high quantities determines the
separation of some Mn-rich tetrahedrite varieties.
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All tetrahedrites contain Ag up to 2%. In some tennantite-tetrahedrite intermediate
members from the gold-silver ore deposited in the Metaliferi Mts, the silver content reaches up to
11.85%. In the Baia Mare district the Ag-rich tetrahedrites contain up to 29.3% Ag. These
tetrahedrites are specific for the base-metal ore deposits rich in Ag. The tennantites contain only
small quantities of Ag, one exception is represented by the Tălagiu (Metaliferous Mts) tennantite–
tetrahedrite intermediate member. The argentian tetrahedrites from the Baia Mare district always
contain Fe in significant quantities as well as very small quantities of Zn.
An exception is an tetrahedrite from Băiuţ (Baia Mare district) which contains 21.3% Fe and
also has high As content.
Table 1.
Chemical formula of the tetrahedrites based on microprobe analyses
Location
Tarna
Ilba
Băiut
Cavnic-B
Cavnic-B
Kelemen Cavnic
Roata
Robu
Văratec
Cisma
Cisma
Banduriţa
Toroiaga
Toroiaga
Nistru
Herja 1
Herja 2
Herja 3
Herja 50
Herja 110
Băiuţ20
Băiuţ 21
Băiuţ 22
Băiuţ 23
Băiuţ 42
Băiuţ 43
Băiuţ 44
Băiuţ 49
Băiuţ 50
Băiuţ 56
Băiuţ 57
Barza-1
Barza-2
Barza-3
Tălagiu 1
Tălagiu 2
Coranda 1
Coranda 2
Coranda 3
Săcărâmb

Chemical formula
Cu9,76Zn1,34Fe0,37Ag0,12Sb2,82S13
Cu6,29Zn0,22Fe1,63Ag2,85Sb3,77As0,34S13
Cu7,40Zn0,92Fe0,40Ag1,50Sb3,41As0,93S13
Cu9,81Zn1,98Fe0,20Ag0,10Sb3,48As0,85S13
Cu10,64Zn2,04Fe0,25Ag0,02Sb3,51As0,74S13
Cu10,06Zn1,22Fe0,07Ag0,21Sb3,54As0,32S13
Cu11,03Zn0,42Fe1,46Ag0,06Sb0,02As5,41S13
Cu8,89Zn1,12Fe0,88Ag1,78Sb2,03As0,60S13
Cu12,87Fe2,21Ag0,34Sb1,06As4,23S13
Cu10,51Zn0,28Fe1,77Ag0,01Sb3,20As0,21S13
Cu8,66Zn0,28Fe0,96Ag0,01Sb3,01As2,44S13
Cu6,58Zn0,01Fe5,06Ag0,04Sb0,23As2,37S13
Cu7,98Zn0,70Fe1,27Ag2,41Sb4,12S13
Cu8,11Zn0,56Fe1,27Ag2,41Sb4,12S13
Cu8,05Fe2,06Ag2,60Sb4,88S13
Cu7,40Zn0,92Fe0,40Ag1,50Sb3,41As0,93S13
Cu7,57Fe1,82Ag3,52Sb4,24S13
Cu5,63Fe2,21Ag5,72Sb4,74S13
Cu6,28Zn0,20Fe1,52Ag3,45Sb4,02As0,01S13
Cu7,17Zn0,23Fe1,64Ag2,60Sb3,95As0,03S13
Cu9,80Pb0,004Zn0,95Fe1,06Ag0,29Sb2,68As1,67S13
Cu9,66Zn0,73Fe1,27Ag0,22Sb1,92As2,17S12,996Se0,004
Cu9,65Zn0,74Fe1,28Ag0,28Sb1,84As2,18S12,988Se0,012
Cu9,52Zn1,12Fe0,80Ag0,36Sb3,50As0,67S13
Cu10,03Zn1,00Fe1,10Ag0,10Sb3,10As1,038S13
Cu9,77Zn1,22Fe0,77Ag0,10Sb3,11As0,91S19,988Se0,012
Cu9,72Pb0,004Zn0,91Fe1,03Ag0,10Sb2,88As1,16S12,988Se0,012
Cu9,87Zn1,29Fe0,79Ag0,06Sb3,09As1,12S12,982Se0,018
Cu9,78Pb0,005Zn1,08Fe1,02Ag0,05Sb2,08As2,04S12,982Se0,018
Cu9,97Zn0,12Fe1,87Ag0,08Sb2,12As2,12S13
Cu9,87Zn1,19Fe0,84Ag0,05Sb2,43As1,75S13
Cu7,45Zn1,65Fe0,33Mn0,95Ag1,56Sb3,89S13
Cu7,57Zn1,68Fe0,48Ag1,64Sb3,84S13
Cu6,82Zn0,98Fe1,01Mn1,31Ag1,90Sb3,93S13
Cu8,91Zn1,84Fe0,34Ag0,89Sb3,06As0,97S13
Cu8,89Zn1,81Fe0,42Ag0,92Sb2,90As1,06S13
Cu8,70Zn1,66Fe0,27Mn1,52Ag0,23Sb3,07As0,91S13
Cu9,58Zn1,74Fe0,21Mn0,22Ag0,19Sb2,73As1,40S13
Cu8,32Zn1,45Fe0,26Mn1,87Ag0,24Sb3,15As0,80S13
Cu10,4Zn1,53Ag0,17Sb1,12As2,1S12,86Se0,14

Crystalochemistry of the tetrahedrites

Tetrahedrite members
Tetrahedrite with Zn
Argentian tetrahedrite
Argentian tetrahedrite
Tetrahedrite with Zn
Tetrahedrite with Zn
Tetrahedrite with Zn
Tennantite
Argentian tetrahedrite
Tennantite
Tetrahedrite with Fe
Tetrahedrite-tennantite
Fe-bearing tennantite
Argentian tetrahedrite
Argentian tetrahedrite
Argentian tetrahedrite
Argentian tetrahedrite
Argentian tetrahedrite
Freibergite
Argentian tetrahedrite
Argentian tetrahedrite
Tetrahedrite-tennantite
Tennantite-tetrahedrite
Tennantite-tetrahedrite
Tetrahedrite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tennantite-tetrahedrite
Tennantite-tetrahedrite
Tetrahedrite-tennantite
Tetrahedrite
Argentian tetrahedrite
Argentian tetrahedrite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tetrahedrite-tennantite
Tennantite-tetrahedrite
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The structural formula of the tetrahedrites is:
(Cu2+FeZnHgPb)2(Cu+Ag)10(SbAsBiTe)4(SSe)13
The structure of the tetrahedrites has been established by Pauling & Neuman (1934) and
later confirmed by Wuench (1964). In all the analyzed samples (Table 1), the presence of up to two
atoms of Fe and Zn is observed. These elements substitute Cu2+. Only in the tennantite-tetrahedrite
intermediate members, these elements substitute Cu2+ in approximately equal quantities. Zn substitutes
Cu2+ in great quantities in the tetrahedrite end members, and Fe substitutes Cu2+ especially in the
tennantites and in the argentian tetrahedrites. Because Fe and Zn do not exceed two atoms in the
formula, it is obvious that they only substitute the Cu2+. In the Metaliferi Mts. there are tetrahedrites
with a high content in Mn. It is possible that this high content will also substitute Cu+ because the
sum of the bivalent elements (Zn, Fe, and Mn) is greater than the Cu2+ quantity.
Substitution of the Cu+ by Ag is found only in tetrahedrite end members from Baia Mare and
the Metaliferous Mts. Tetrahedrite-tennantite intermediate member from Tălagiu (Metaliferous Mts.)
represents an exception. This fact is confirmed by the low content of silver in tennantite-tetrahedrite
intermediate member in the gold-silver mineralizations from Săcărâmb. At low contents (under 2.5%
Ag) the substitution of Cu+ by Ag is achieved independently from the presence or absence of stibium.
At high contents of Ag+, Fe 2+ substitutes Cu 2+. In this case the substitution of Cu+ which Ag+ takes
place at the some time with the substitution of Cu2+ with Fe2+.
Different members of tetrahedrites were separated (Table 1). Most of the tetrahedrites are
represented by the tetrahedrite-tennantite intermediate members. Most of the analyzed samples
are tetrahedrite end members, because they contain Sb>3 in formula (Table 1). Tetrahedrite end
member is predominating in base metal ore deposits in the Baia Mare district. Some samples from
Cavnic, Băiuţ and Săcărâmb correspond are tennantite, as they have more than 3 atoms of As in
the formula. The tennantite is predominating in the metallogenetic field Băiuţ (in copper ore deposits)
and in the Metaliferi Mts (Au-Ag-Te ore deposit).
The argentian tetrahedrites were identified at Ilba, Nistru, Herja, Băiuţ, Toroiaga, Gura
Barza and Tălagiu. Only one tetrahedrite from Herja has Ag>4 in the formula and can be named as
freibergite. According to Riley (1974) the amount of 20% Ag delimits freibergite from the argentian
tetrahedrite. In these cases, with the exception of two samples from Herja, which correspond to the
freibergite, all the others can be assigned to argentian tetrahedrites.
Conclusions
The tetrahedrites from the base-metal mineralizations in the Baia Mare area and in the
Metaliferous Mts. are represented by numerous members. It is for the first time that argentian
tetrahedrite and freibergite have been proved to exist in Romanian occurrences, based on
quantitative analytical data. The Mn tetrahedrite varieties from the Metaliferous Mts. are the first
occurrences discovered in the world.
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Ag-SULPHOSALTS IN UPPER PARTS OF THE BAIA SPRIE DEPOSIT (ROMANIA):
MICROANALYSES AND IMPLICATIONS FOR DEPOSIT ZONALITY
Gheorghe Damian12, Floarea Damian1, Nigel J. Cook13, Cristina L. Ciobanu2

Introduction
The Baia Mare metallogenetic district is one of Europe's major metallogenic provinces and
includes both gold and base-metal mineralization. Ores are associated with calc-alkaline Neogene
volcanism. The calc-alkaline volcanism and associated metallogeny are related to an underlying
pluton, (Borcoş et al., 1998). According to Giuşcă et al. (1973), metallogenetic activity corresponds
to three distinct phases during the Sarmatian-Pontian.
The ore deposits in the Baia Mare district are mainly epithermal, of low sulphidation type.
They are predominantly base-metal, but distinct Au-Ag and Cu types also occur. The higher levels
of the Cu and base-metal ores contain important quantities of Au and Ag. The most important deposit
in the district is Baia Sprie one.
Baia Sprie ore deposit – general data
This deposit is located along the regional E-W trending (Dragoş Vodă fault). The ore
deposition is associated with the Jereapăn andesite eruptive phase (Giuşcă et al., 1973) taking
place within Pannonian (Edelstein et al., 1992). The Principal Vein (5250 m in length) and the Nou
vein are emplaced at the northern and southern limits of the andesite dyke respectively. Until 1972,
the Baia Sprie ore deposit was known only in its western part, but exploration work proved its
continuation eastwards of the Principal vein. The Pb-Zn mineralization includes some Au and Ag.
Within the upper part of the deposit (Dealul Minei Hill), there are numerous branched veins and
several stockwork-type ores, as well as some alignments parallel to the direction of the Main Vein.
The most comprehensive mineralogical studies on the Baia Sprie ore deposit are those by
Tokody (1942), Manilici et al. (1965) for the Principal vein and Petrulian et al. (1971) for the Nou
vein. The Baia Sprie deposit is the type locality for andorite, felsöbányite, klebelsbergite, semseyite
and szmikite, (Damian et al., 1995). Despite the above studies, however, the occurrences of few
sulphosalt minerals have been confirmed by microanalysis. We have studied samples from the
upper part of the Principal vein and from branches of that vein, characterized by base-metal
mineralization enriched in Au and Ag. Two typical parageneses appear in this zone: (i) sphaleritegalena-Ag-sulphosalts and (ii) pyrite-Ag-sulphosalts.
The mineralogy of Ag-sulphosalts
In the Pb- and Zn-ore zones fine-grained acanthite, associated with miargyrite and
freibergite occurs (Fig. 1a).
Diaphorite occurs as µ m-sized grains included within freibergite (Fig. 1b) and contains
small quantities of Cu, Zn, and As, (Table 1). According to Tokody (1942), diaphorite appears
associated with miargyrite.
Freieslebenite occurs as µm-sized grains including and associated with freibergite (Fig. 1b). In
freieslebenite there are small impurities of Fe and As (Table 1).
Freibergite is mentioned from the Baia Sprie deposit for the first time in this study. It occurs
associated both with sphalerite-galena and pyrite. The occurrence at Baia Sprie represents the
second occurrence in the Baia Mare zone after Herja (Cook & Damian, 1997; Damian & Damian,
1999). It appears as sub-mm grains included in galena or associated with pyrite and other silver
sulphosalts, (Fig. 1). Like freibergite from Herja the Baia Sprie one contains more Fe than Zn (Table 1).
12
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In this case the double substitution of copper in the freibergite can be also noticed. In the freibergite
structure Cu2+ is substituted by Fe2+, and monovalent Cu+ by Ag+. There is a direct correlation
between the Fe and Ag contents.

a

Ach

Py

Mgy

b
Tet

Fsl
Tet

Py

Pyr
Tet

Pbs
Prs

Pgy

20 µm

Apy

Py
Pgy

Dia

Qz

20 µm

Fig. 1. Back-scattered electron images of sulphosalt-rich assemblages, Baia Sprie deposit.
Abbreviations: Ach - acanthite, Tet - tetrahedrite, Mgy - miargyrite, Py - pyrite, Pgy - pyrargyrite, Pbs - polybasite,
Prs - pearceite, Asp - arsenopyrite, Fsl - freiselebenite, Pyr - pyrargyrite-proustite, Dia - diaphorite, Qz - quartz.

Miargyrite occurs as submilimetric-sized grains associated with freibergite, pyrargyrite,
polybasite and pyrite (Fig. 1a). The Baia Sprie miargyrite contains very minor As and the formula
corresponds almost identically with the theoretical one.
According to Tokody (1942), pyrargyrite known from Baia Sprie, is associated with proustite,
galena and sphalerite. We noticed very small grains of pyrargyrite associated with pearceite,
miargyrite, freibergite and arsenopyrite (Fig. 1a).
Proustite is specific for the upper part from the western of Baia Sprie. In our samples,
proustite occurs in the pyrite paragenesis associated with freibergite, diaphorite and freieslebenite.
We note compositions from across the pyrargyrite-proustite join.
Pearcite-polybasite appears as a µm-sized grains associated with freibergite, pyragyrite,
and miargyrite (Fig. 1a). This represents the first description of the mineral series from Baia Sprie.
The formula corresponds with the theoretical one.
A further new occurrence for the deposit is stephanite, also confirmed by microanalysis.
Conclusions
Freibergite, stephanite and pearcite-polybasite represent the new occurrences in the Baia
Sprie ore deposit. The presence of assemblages containing abundant Ag-sulphosalts in the upper
part of the Baia Sprie deposit justifies the distinction made between gold and silver mineralization
and further indicates the clear zonality of the Baia Sprie mineralization. The distribution of the
mineralization in the Principal vein suggests its zonal character and the existence of the phases of
mineralization. The presence of both Ag and Sb, in high quantities, within the hydrothermal
solutions has determined the deposition of Ag-sulphosalts. The abundance of silver has also led to
the appearance of freibergite rather than tetrahedrite (tennantite) as in the base-metal ore types.
Formation of the minerals in this level has been realised in an open system after the boiling of the
mineralising solutions.
Table 1.
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Compositions of Pb- and Ag-bearing sulphosalts , Baia Sprie ore deposit.
Mineral

*

Cu

Zn

Fe

Ag

As

Sb

Pb

S

Total

Pyrargyrite

0

0

0

57.74

0.78

22.68

0

18.92

100.12

Ag2.83(As0.05Sb0.99) 1.04S3.12

Pyrargyrite

0.12

0

0

61.21

0

20.89

0

17.76

99.98

(Cu0.01Ag3.07)3.08Sb0.93S2.99

Pyrargyriteproustite

0.08

0

0

59.42

6.90

12.39

0

20.53

99.32

(Cu0.01Ag2.78)2.79(As0.51Sb0.47) 0.98S3.23

Proustite

1.24

0

0

62.14 13.96

0.15

0

20.65

98.14

(Cu0.10Ag2.83)2.93(As0.01Sb0.91) 0.92S3.16

0

Proustite

Formula [ Fe, Zn, (Cu) ignored]

0

0

0

63.53 13.54

1.17

19.96

98.20

Ag2.94(As0.05Sb0.90) 0.95S3.11

Diaphorite

0.13

0

0

22.56

0

27.49

31.12 18.45

99.75

Ag2.91Pb2.07Sb3.11S7.93

Diaphorite

0.26

0.38

0

22.05

0.21

26.69

32.03 18.96

100.58

Ag2.79Pb2.11(As0.04Sb2.99)3.03S8.07

Diaphorite

0.61

0

0

23.75

0

29.17

30.33 19.45

101.33

Ag2.94Pb1.96Sb2.99S8.11

Miargyrite

0

0

0

35.38

0

41.28

98.99

Ag0.96Sb1.00S2.04

Miargyrite

0

0

0

36.64

0.17

40.98

Freiselebenite

0

0

1.06

18.48

0

23.36

40.17 17.23

Freislebenite

*
*

*

0

22.33

0

21.57

99.36

Ag1.01(As0.01Sb1.00) 1.01S1.99

41.29 17.92

102.11

Ag0.92Pb1.07Sb1.03S2.99

*

0

0

0

20.03

0.10

24.05

101.58

Ag1.00Pb1.04(As0.01Sb1.06)1.07S2.89

Pearceite

0.39

0

0

75.41

6.14

0.34

0

15.70

97.98

(Cu0.14Ag15.85) 15.98(As1.86Sb0.06) 1.92S11.10

Stephanite

0

0

0.49

65.01

0.07

17.13

0

15.69

98.38

Ag4.89(As0.01Sb1.14) 1.15S3.97

Acanthite

0.10

0

0

86.03

0

0

0

12.08

98.21

Ag2.04S0.96

Tetrahedrite

22.73

3.35

6.01

19.31

0.20

24.72

0

23.08

99.40

(Cu6.40Ag3.20)(Fe1.93Zn0.92)(As0.05Sb3.63)S12.88

Freibergite

15.81

2.57

5.45

26.42

0.19

24.95

0.48

22.16

98.03

(Cu4.71Ag4.64)(Fe0.74Zn1.85)(As0.05Sb3.88)S13.09

*

*
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FLUID INCLUSIONS AND MORPHOLOGY OF QUARTZ FROM THE NEOGENE EPITHERMAL
DEPOSITS, BRAD-SĂCĂRÂMB AREA (TRANSYLVANIA, ROMANIA)
Ágnes Gál 151, Ferenc Molnár 162, Lucreţia Ghergari1, Csaba Szabó173, István Gatter2

The Brad-Săcărâmb basin is situated in the southwestern part of the Transylvanian
Metaliferi Mountains and hosts several low-sulphidation type Au-base metal deposits. The host
rocks of the mineralization are mainly Neogene andesites and dacites and subordinately
Cretaceous to Neogene sandstones, shales and pelitic-psammitic sediments (Ianovici et al., 1969).
The Neogene volcanic rocks were affected by two stages of hydrothermal alteration. The first stage
is represented by propylitisation processes, the second stage is characterised by sericitisation,
local adularitisation and argillitisation.
The main gangue minerals in the veins are quartz, Ca-Mn carbonates and barite. The
predominant ore minerals are pyrite, galena, sphalerite, chalcopyrite, stibnite, alabandine, realgar,
tetrahedrite, buornonite, boulangerite and Au, Ag, Pb, Sb and Hg tellurides. The gold and silverbearing minerals formed in association with galena and sphalerite. In some places, an early stage
of Au-Ag and a later stage of Pb-Zn (with only little amounts of Au and Ag) mineralizations can be
distinguished. Sulphosalts and chalcopyrite, as well as carbonates are the latest minerals,
following the earlier gold-bearing stages.
Quartz is a frequent hydrothermal mineral, which shows certain crystal forms under certain
physico-chemical conditions (Molnár 1986, 1993; Hurai & Stersko 1987). In addition, fluid inclusions
trapped during the growth of the quartz crystal can also be used for the estimation of the P-T-X
conditions.
The crystal morphology and the fluid inclusions in quartz associated with the Pb-Zn (Au-Ag)
stage of mineralization at the Săcărâmb, Coranda, Bocşa, Valea Morii Veche and the Carpen
deposits were studied. Two different types of quartz were distinguished: a) vein quartz forming combtextured aggregates with free crystal terminations pointing towards the center of the veins and b)
euhedral quartz occurring in the vugs and cavities of the host rock of the veins. The crystal forms of
the both types of quartz are: m prism (10¯10), positive r and negative z rhombohedra (10¯11), and
rhombohedra with high indices {(h.0.¯h.l), (l (20¯21), 'l (02¯21), (M (30¯31), 'M (03¯31), γ (40¯41), 'γ
(044̄1), e (505̄1), 'e (055̄1), ξ (606̄1), 'ξ (066̄1), ϕ (707̄1), 'ϕ (077̄1), Ψ (11.0.1̄1̄.1), Ψ (0.11.1̄1̄.1)}.
These rhombohedra with high indices appear as stripes forming a staggered habit.
The quartz crystals were cut parallel to the “c” axis; double polished thin sections were
prepared for the fluid inclusion study. No clearly defined growth zoning was observed in the quartz
crystals. A spider web structure, typical for the epithermal quartz crystals (Bodnar et al., 1985) was
recognized. Liquid-rich and vapor-rich primary aqueous fluid inclusions occur inside the crystals, as
the growth of the crystals took place during the boiling of the hydrothermal fluids. Microthermometry
was carried out on the liquid-rich two-phase fluid inclusions only. The first melting temperatures
were noticed between -18 and -22oC, indicating a NaCl - dominated aqueous brine. The melting of
the last ice crystal occurred in the range from -4.1 to -0.3oC apparently corresponding to a salinity
between 0.5 and 6.6 wt% NaCl eqv. (Bodnar, 1993). The minimum homogenization temperatures
of the liquid phase for the vein quartz are 250 and 260°C (the Săcărâmb-Bernard level and the
Valea Morii Veche, respectively). The fluid inclusions from the vein quartz show the lowest values
of the average apparent salinity: 1.9 – 1.4 NaCl eqv. wt%. The minimum temperatures of the
15
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homogenization of the liquid phase for the euhedral quartz from the wall rocks are ranging from
180 to 230°C, while the salinities are between 2.6 and 4.5 wt% NaCl .
The frequency distribution of the crystal forms shows no difference between the combtextured quartz aggregates or the vein quartz. The step habit is the result of the variability of the
fluid chemistry during the crystallization.
Althought the textural features of the fluid inclusions suggest that both, the vein quartz and
the comb-textured aggregates are the result of a boiling system, in the Th/Tmice (Homogenization
temperature vs. Ice melting temperature) diagram only the vein quartz points on boiling processes.
According to Haas diagram (1971), the calculated pressure ranges a wide domain, between
5 and 72 bar.
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THE CHARACTERISTICS OF QUARTZ CONCENTRATE OBTAINED BY THE
FLOTATION OF THE QUARTZO-FELDSPATIC RAW MATERIAL FROM
BEDECIU DEPOSIT (CLUJ DISTRICT, ROMANIA)
Maria Gorea18, Cristina Mariş19

Quartz is one of the most important industrial raw materials used for ceramics, glass, mortar,
etc. Its suitability and technological qualities are directly connected to the chemical composition
(SiO2 and iron oxides). The technology of the feldspar processing applied in the case of the
quartzo-feldspatic rocks from the Bedeciu deposit involves a stage of quartz flotation and separation.
This paper focuses on the technological, chemical, mineralogical and particle size distribution of
quartz separated by flotation with the object of using it in various industrial products.
The Bedeciu deposit is located at the border between two major structural units, the Gilău
Mountains and the Huedin Basin (included within the Transylvanian Depression), in the northern
part of the contact area between intrusive rocks (the Muntele Mare granite) and crystalline schists
of the metamorphic Someş series.
The main stages of the preparation technology consist of coarse (< 60 mm) and fine
grinding (< 0.9 mm), followed by the 1st flotation stage (for the separation of micas and Fe-containing
minerals) and the 2nd flotation stage (for the separation of feldspars). The drying, deferrisation, and
packaging close the preparation cycle.
The raw material as well as the concentrated products i.g. micas, feldspar and quartz were
chemically 20 and mineralogicaly 21 analysed. The chemical composition of the raw material, of
micas resulted after the 1st flotation stage, of feldspar obtained after the 2nd flotation stage and of
quartz concentrate is presented in table 1. The mineralogical composition of the raw material and
of quartz-concentrate is presented in table 2.
Table 1.
Chemical composition of the raw material and mineral-concentrates.
Sample
(product)
Raw material
Micas concentrate
Feldspar concentrate
Quartz concentrate

SiO2
75.05
52.88
71.62
92.28

Al2O3
14.78
29.50
16.45
2.74

Chemical composition [% oxides]
Fe2O3
Na2O
K2O
CaO
0.64
3.75
3.50
0.56
2.50
1.00
8.60
0.63
0.19
6.00
4.40
0.46
0.15
1.3
1.30
0.46

MgO
0.25
0.45
0.10
0.41

L.O.I.
0.87
4.11
0.44
0.43

Table 2.
Semiquantitative mineralogical composition of the raw material and quartz-concentrate.
Sample
Raw material
Quartz concentrate

18

Micas
7.10
1.52

Na-feldspar
36.63
12.68

Mineralogical composition [%]
K-feldspar
Ca-feldspar Quartz
18.17
1.64
33.85
5.18
0.79
77.22

Limonite
0.68
0.16

Kaolinite
1.72
1.72
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The distribution of the particle size of quartz obtained after flotation (intermediate product)
and quartz concentrate obtained after drying and deferrisation (final product) is given in table 3.
Particle size distribution
Sample
+ 500 µm
Intermediate product of quartz
concentrate
Final product of quartz
concentrate

22

Table 3.
of the quartz concentrates.

Particle size distribution [% ]
+ 250 µm
+ 200 µm
+ 90 µm

+ 40 µm

0.50

18.00

15.00

56.00

8.00

0.50

8.00

53.00

25.00

2.50

According to the granulometry and chemical composition, especially Fe2O3 content, quartz
concentrate obtained by the flotation of quartzo-feldspatic rocks from the Bedeciu deposit can be
used as raw material for optical or crystal glass, for ceramics or for preparing dry mortars as well
as other building materials.

22
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REACTION CORONAS AROUND QUARTZ XENOCRYSTS IN THE BASALTIC ANDESITE
FROM DETUNATA (APUSENI MOUNTAINS), ROMANIA
Nicolae Har 23

Reaction coronas consisting of Al-poor pyroxene, tridymite and glass are developed around
quartz xenocrysts of sedimentary origin hosted in olivine - bearing basaltic andesites from Detunata
(Apuseni Mts. - Romania). The quartz xenocrysts reacted with the basaltic melt. The outer parts of
the reaction coronas consist of a glassy matrix containing prismatic augite crystals developed
perpendicular to the interface between the coronas and basaltic host rock. The inner parts of the
coronas consist of isolated crystals of augite, fragments of quartz and tridymite crystals in a glassy
groundmass. Tridymite is also present in fractures of the quartz xenocrysts. Microprobeanalyses and
Raman spectroscopy were used to identify the composition of the coronas pyroxenes, glass, and
silica polymorphs. The coronas pyroxenes have a homogeneous composition, typical for augite.
The glass is highly siliceous (SiO2 = 72.0 – 76.8 wt.%) as the result of quartz dissolution, and high in
alkalis (Na2O = 1.38 – 3.22 wt.%; K2O = 4.72 – 6.23 wt.%) and aluminum (Al2O3 = 9.31 – 12.18 wt. %).
Tabular, twinned crystals of tridymite show a high content of alkalis (Na2O + K2O = 0.30 – 0.39 wt. %)
and aluminum (Al2O3 = 0.54 – 0.86 wt. %). Sodium and potassium ions appear to fill structural
channels and voids in the tridymite structure, charge balanced by the substitution of Al for Si. The
Raman spectra of tridymite show the most representative peaks, of 403 and 422 cm-1.
The diffusion processes and temperature were the controlling factors in the genesis of the
newly-formed minerals in the reaction zones. Si4+ diffused from the quartz lattice, while Ca 2+, Mg 2+,
Na + and K + migrated from the basaltic-andesitic melt towards the coronas.

23
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HERCYNITE AND MAGNETITE IN THE HORNFELS XENOLITHS HOSTED BY
GRANODIORITE FROM VALEA LUNGII (CLUJ COUNTY, ROMANIA)
Nicolae Har 24, Ramona Năstase1

Isolated intermediate magmatic bodies of Upper Cretaceous – Paleogene age crops out in
the Valea Drăganului – Valea Lungii area (northern part of the Apuseni Mountains, Romania). The
petrography is mainly granodioritic, typical for hipabyssic facies. They contain frequently xenoliths
from the basement of the area. In the intrusive granodioritic body from Valea Lungii two different
types of xenoliths are present: of magmatic (porphyritic granodiorite) and metamorphic (gneiss)
origin. The xenoliths are variable in size (up to 30 cm in diameter) and usually dark in color. The
study is focused on the xenoliths of metamorphic origin, that have undergone pyrometamorphic
transformations under the influence of the host melt. The resulted hornfels preserves the texture of
the initial gneiss. Two different varieties of hornfels are present: spinel andalusite and spinel sillimanite
hornfels. Both include different amounts of K-feldspar, biotite, phlogopite, magnetite and hercynite.
Based on the mineralogical assemblages of the spinel hornfelses the following remarks can
be made:
-

-

the xenoliths’ external zone are dominated by sillimanite, associated with K-feldspar, biotite,
flogopite, magnetite and hercynite;
in the xenoliths’ inner part, andalusite is present and sillimanite is missing;
biotite is associated mainly with hercynite. The Mg – Fe biotite becomes more Mg – rich
(phlogopite) due to temperature increasing and thus, the phlogopite is associated with
magnetite resulted from the biotite alteration;
the Al - silicate polymorphs (andalusite and sillimanite) indicate thermal conditions of 650 –
750oC and a low pressure, typical for the pyroxene hornfels facies;
Al –silicates polymorphs are the result of the reaction between muscovite and quartz
content of the gneiss:
KAl2 [Si3 Al O10 (OH)2] + SiO2 → K [Si3 Al O8] + Al2 [SiO5] + H2O
Muscovite
Quartz K-feldspar
Al-silicate

-

24

the absence of muscovite and quartz in the hornfels suggest that the above reaction took
place;
the presence of magnetite and hercynite in the resulted hornfels can be explained due to
the transformation of the Mg-Fe rich biotite into a Mg–rich biotite (phlogopite), at high
temperature.
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RECENT MINERAL DEPOSITION IN THE CRATER OF THE CIOMADUL QUATERNARY
VOLCANO - HARGHITA MOUNTAINS (ROMANIA)
Olivier Hercot125, Ioan Seghedi226, Jean Naud1, Razvan Caracas1

At the margin of Sf. Ana crater, on the Ciomadul volcano, representing the morphological
mark of the youngermost volcano in south-eastern Europe (ca. 30 ka), a recent deposition of
sulphates and carbonate has been found. The deposition drapes a cavity of a supporting wall on
the right side of the road, which leads into the interior of the crater. The detected sulphates are
thenardite [Na2SO4] and aphthitalite [K3Na2(SO4)2], rarely found in natural conditions. A rare
carbonate, nahcolite [NaHCO3] was also detected associated with the sulphates. Since the
mineral assemblage is intimate and has low crystalinity it was not possible to isolate each mineral
phase for detailed analyses. Further collection and observation will be done in the future for better
characterisation of this recent mineral deposition.
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MINERALOGY OF A “SACRED MONSTER”: THE DITRĂU ALKALINE MASSIF,
EAST CARPATHIANS (ROMANIA)
Paulina Hîrtopanu27, Gheorghe Udubaşa1

Unique in the whole area of the Carpathians, the Ditrău alkaline massif (DAM) displays both
a great variety of contrasting lithologies and a big number of mineral species. Rocks from
ultrabasite to high alkaline types, as well as granites, contact metamorphic assemblages, porphyrystyle ores (Aurora), veins with sulphides, oxides and various REE minerals are known to be
concentrated on a relatively small area, of only about 100 sq.km.
Due to contrasting host lithologies and various mineral forming processes the mineralogy of
DAM is very complex. Nearly all the mineral classes have here representatives, including rare and
very rare mineral species such as zirconosilicates, radioactive carbonates, sapphirine, Bi-sulphosalts,
nearly all the species of the pyrochlore and perovskite groups etc, some of them forming single
occurrences in Romania, e.g. hemusite, sederholmite, tungstenite, mosesite, senaite, srilankite,
minrecordite, rosenbuschite, eudyalite, lovozerite, hiortdahlite, donpeacorite, sadanagaite, vishnevite,
loparite etc. (Hirtopanu, 1998). The total number of mineral species is about 250 thus reaching the
status of a “sacred monster” (Udubaşa, 1994). Nevertheless, there are both very frequent minerals
such as nepheline, cancrinite, sodalite, various feldspars (including Ba-feldspars), amphiboles
(K-pargasite, sadanagaite, magnesiosadanagaite, eckermannite, nyböite, ferrinyböite, richterite,
Li-fluorarfvedsonite, Li-fluorkataphorite, Li-ferrieckermannite, etc.) and very rare or “minor minerals”
such as isocubanite, ferromolybdite, strüverite, wöhlerite, zirkelite, betafite, yttrobetafite, willemseite,
huttonite, cheralite, astrophyllite, aenigmatite, durangite etc. (Hirtopanu, 1998).
The knowledge of mineralogy of DAM began early in the XIX century, undoubtedly with the
more frequent minerals, i.e. nepheline (called eleolite due to its greasy appearance, giving the rock
name “eleolite syenite” or “ditroite”; Zirkel, 1866), sodalite, cancrinite, haüyne, etc. Later on other
less frequent minerals were described, such as baddeleyite, zircon, bastnäsite, parisite, various
complex oxides such as pyrochlore (group), fersmite, ixiolite, tantalite; pyrophanite; rhönite,
wöhlerite; monazite and xenotime; mackinawite, bismuthinite, molybdenite, etc.
Finally some other mineral species (about 100) were added to the list; first of all the
zirconosilicates (rosenbuschite and baratovite, catapleiite, eudyalite, låvenite, kupletskite), sapphirine
(as big grains of centimetre size associated with corundum, spinel and cordierite), a series of REE
bearing carbonates (synchysite, cordylite, hydroxylbastnäsite–(Ce), hydroxylbastnäsite–(Nd),
hydroxylbastnäsite-(La), yttroparisite), goyazite, a number of rare sulphides and sulphosalts such
as geerite, lautite, sederholmite, kësterite, gallite, briartite, arsenosulvanite, tungstenite etc. (Hirtopanu,
2000, unpubl.; Hirtopanu et al., 2003). Thus there is an appreciable increase of mineral number
from 25 in 1966 and 85 in 1977 to about 250 nowadays. Further increase is expected as the alkaline
massifs worldwide permanently provide about one quarter of the new minerals proposed to the
CNMMN of IMA.
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TYPE OF CHONDRULES FROM ROMANIAN FALLEN ORDINARY CHONDRITES
Gabriel Ovidiu Iancu28, Corina Ionescu29

The chondrites (stony meteorites) are believed to represent the oldest rocks in the solar
system and they are characterized by the presence of small mineral spheres called chondrules.
The chondrule texture represents one of the easier criteria used for the petrologic-chemical
classification of all chondrite main categories (O -ordinary, E-enstatite, C-primitive/carbonaceous
chondrites, Rumuruti -type and Kakangari -type meteorites).
Based on the metal content and mineralogical composition, the ordinary chondrites are
subdivided into three distinct groups, designated as H, L, and LL chondrites. The H-chondrites have
high iron content, about 25-31% (including 12-21% metallic iron), the L-chondrites have lower iron
content, ranging from 20 up to 25% (with 5-10% metallic iron) and the LL-chondrites contain 1922% iron (with only 2-3% metallic iron).
Six petrographic types of chondrites, numbered from 1 to 6, are recognized. The ordinary
chondrites show four petrographic types (numbered from 3 to 6), indicating progressive stages of
thermal metamorphism.
Based on texture, Van Schmus & Wood (1967) proposed 4 categories of chondrules for
each chondrite petrographic type: very sharply defined chondrules (type 3; e.g. H3, L3, LL3), welldefined chondrules (type 4; i.g. H4, L4, LL4), readily distinguished chondrules (type 5; e.g. H5, L5,
Ll5) and poorly defined chondrules (type 6; i.g. H6, L6, LL6). A fifth category (type 7), naming a
melted type, was added (e.g. H7, L7, LL7).
Up to now, 7 fallen ordinary chondrites have been registered and investigated in Romania
and various scientists previously classified them as follows: Mezö-Mădăraş (syn. Mădăraş) – L3,
Ohaba – H5, Kakowa (syn. Cacova) – L6, Zsadany (syn. Jădani) – H5, Mocs (syn. Mociu) – L5-6,
Sopot – H4, Tăuţi – L6. The single found ordinary chondrite, Tuzla, was classified as L6 type
(Stanciu & Stoicovici, 1943; Graham et al., 1985; Miura et al., 1995; Iancu, 2003).
In order to determine the type and size of chondrules from Romanian fallen meteorites,
samples from some Romanian and Austrian museums were examined with optical polarizing
microscope as well as with JEOL JSM-5400 and JSM-6400 scanning electron microscopes.
In H3, L3 and LL3 chondrites, the chondrules are very sharply defined and closely packed.
According to Norton (2002), within each chondrite group the chondrules can vary considerably in
size. In the ordinary chondrites, the chondrules range from few microns to one centimeter. For the
H, L and LL groups, the 300 µm, 500 µm, and 600 µm diameter are prevailing, with an average
size of about 450 µm for all three groups. The mean diameter tends to vary with the type of
chondrules. Most of the chondrules of H, L and LL classes show remarkable mineral consistency,
being composed of olivine or/and pyroxene. Although they present apparently a bewildering array
of textural forms, close examination reveals, acc. to Gooding & Keil, (1981) only seven basic
textural types, with some variation within each type:
PO - porphyritic olivine;
PP - porphyritic pyroxene;
POP - porphyritic olivine-pyroxene;
RP - radial pyroxene;
BO - barred olivine;
C – microcrystalline;
GOP - granular olivine-pyroxene.
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The microscopic study in thin sections revealed the presence of the following types of
chondrules in the Romanian fallen chondrites:
1. Mezö-Mădăraş (syn. Mădăraş) meteorite: very sharply defined PO, POP, RP, BO and
GOP chondrules, ranging in size from 300 µm up to 600 µm;
2. Ohaba meteorite: readily distinguished PO, RP, BO (sometimes polysomatic) and GOP
chondrules, ranging in size from 300 µm to up 1200 µm;
3. Kakowa (syn. Cacova) meteorite: poorly defined PO, RP and BO chondrules, ranging in
size from 300 µm up to 600 µm;
4. Zsadany (syn. Jădani) meteorite: readily distinguished PO, POP, RP and BO
(sometimes polysomatic) chondrules, ranging in size from 250 µm up to 750 µm;
5. Mocs (syn. Mociu) meteorite: readily or poorly defined PO, RP and BO chondrules,
ranging in size from 250 µm up to 700 µm;
6. Tăuţi meteorite: poorly defined PO, RP and BO chondrules, ranging in size from 300 µm
up to 600 µm;
7. Sopot meteorite: well defined or readily distinguished PO, POP, RP and BO (sometimes
polysomatic) chondrules, ranging in size from 200 µm up to 600 µm.
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THE ROLE OF FLUIDS DURING FORMATION OF THE SVECOFENNIAN
MAGMATIC ROCKS (RUSSIA)
Elena Kouzmina30

The Tervu massif is one of the Late Svecofennian magmatic massifs situated near the
Archean–Proterozoic boundary within the Fennoscandian shield (The North-West Ladoga Region,
Russia). Features of the fluid regime during the crystallization of the two feldspars granites of the
Tervu massif’s have been studied. Based on thermo- and cryometric methods, five types of fluid
inclusions were identified in quartz crystals, as follows:
1) inclusions of H2O (mono, two-phase);
2) low mineralized-aqueous mono- and two-phase inclusions (up to 1-3 wt. % of NaCl, KCl);
3)

highly mineralized-aqueous (Na+, K+, Ca2+, Mg2+ salts, i.g. chlorides) inclusions (two- or
poly-phase);

4)

high density CO2-inclusions (mono-, two-phase);

5)

CH4-N2 inclusions (mono-phase).

The frequency of the fluid inclusions shows an apparent heterogeneity of the different parts
of the massif. Also, the concentration and composition of the fluid inclusions in different parts of the
massif are variable. The wide dispersion of the distribution of the H2O and CO2 inclusions is typical.
All the data obtained on the fluid inclusions of the Tervu massif indicate that the equilibrium of the
earliest inclusions changed later, during late-metamorphic events, and, probably, new supplies of
metamorphic fluids were introduced in the granitic system.
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THE PRESENCE OF TOURMALINE IN THE HARGHITA MOUNTAINS’
VOLCANIC STRUCTURES (ROMANIA)
Attila-Albert Laczkó31

Based on currently knowledges, the tourmalinization processes in the Harghita Mountain’s
Neogen-Quaternary volcanic arc have an important bearing in the major volcanic structures, such
as Stânca, Ostoroş, Ivó - Cocoizaş, Vârghiş and Luci-Lazu volcanic structures (Fig. 1).

Fig. 1. – Volcanological map of the Harghita Mountains (according to Szakács & Seghedi, 1995, with
modifications). Legend: 1. Quaternary swamp or lake deposits; 2 - Tertiary postvolcanic and synvolcanic
sediments; 3. Tertiary prevolcanic molasse sediments of the Transylvanian basin; 4. Cretaceous-Tertiary
sediments of the Flysch zone of the Eastern Carpathians; 5. Late Paleozoic-Cretaceous sediments of the
Eastern Carpathians; 6. Precambrian-Paleozoic metamorphic and plutonic rocks of the Crystalline-Mesozoic
Zone of the Eastern Carpathians; 7. Neck; 8. Crater; 9. Caldera-like depressions; 10. Collapse calderas (caldera
fault); 11. Porphyritic intrusive rocks; 12. Fine porphyritic intrusive rocks; 13. Volcanic core complexes; 14.
Extrusive domes; 15. Lava flows; 16. Pyroclastic cone; 17. Stratovolcanic cone; 18. Effusive cone; 19. Coarse
pyroclastic rocks – proximal facies; 20. Mudflow, debris avalanche, debris flow and ephemeral stream epiclastic
volcanic rocks. Volcanic edifices and areas: 1. Răchitiş; 2. Stânca-Ostoroş; 3. Ivó-Cocoizaşi; 4. Vârghiş; 5. HaromJigodin-Şumuleu; 6. Luci-Lazu; 7. Cucu; 8. Tirco; 9. Pilişca; 10. Ciomadul; 11. Bicsad-Malnaş volcanic field.

Apart from the volcanic structures mentioned above, tourmaline is believed to occur in
many other areas affected by the hydrothermal-metasomatic processes. That fact is based on the
high boron concentrations in these areas, between 200-3000 ppm to 8000 ppm value (Tekerő
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crater on the north-eastern part of the Luci-Lazu volcanic structure; the area between the riverhead
of the Köveş stream and the Cormoş stream; the area between the Mic stream and the Harom
stream; the intracraterial zone of the Cucu volcano – Moţoi et al., 1975; Rădulescu et al., 1984).
In the relevant professional literature tourmaline is considered as being an indicator of the
”porphyry copper” type (Cu - Mo +/- Au) mineralizations (Vlad, 1983). The presence of the
tourmalinization in the Harghita Mountains’ Neogen-Quaternary volcanic rocks does not indicated
in all cases the existence of the ”porphyry copper” mineralizations. Only in the Ostoroş, Ivó Cocoizaş and possibly Vârghiş volcanic structures such mineralizations have been identified. The
other mineralized zones in the Harghita Mountains differ from this type of mineralization.
The tourmalinization processes were located in the intensely tectonized zones (Stanciu, 1976;
Tănăsescu, 1978; Boboş, 1995; Laczkó et al., 2003). In all the cases the existence of tourmaline
was supposed first based on the presence of a boron anomaly (hundreds and thousands ppm),
and later this assumption was confirmed by mineralogical and X-ray difractions analyses.
As a rule, tourmaline is present as rosettes, fans, granular aggregates, acicular crystals and
microcrystals and in general is associated with quartz (Figs. 2, 3). As a function of the contents of
metallic ions in the hydrothermal fluids, tourmalines are represented by schörlite (Fe-rich
tourmaline – Stanciu, 1976; Tănăsescu, 1978), dravite (Mg-rich tourmaline - Laczkó et al., 2003)
and by elbaite (Li-rich tourmaline – Boboş, 1995).

a)

b)
Fig. 2. – Tourmaline in the Stânca structure.
a) in the intrusive body (F1 Drill); b) in breccia’s cement (F2 Drill). 1N.

The widespread presence of the tourmalinization within the framework of syn-magmatic
processes in the Harghita Mountain’s Neogen-Quaternary volcanic rocks, suggest that the boron
was one of the main volatile substances which played an important role in the mineralization
processes in these volcanic structures. The X-ray powder diffraction analyses data32 from the IvóCocoizaş and Luci-Lazu (Sântimbru-Băi) structures (Fig. 4) show the presence of dravite (Mg-rich
tourmaline) in these areas (Laczkó et al., 2003).

a)

b)

Fig. 3. Tourmaline from Sântimbru-Băi. a) brecciated andesite with quartz-dravite cement – N +;
b) breccia matrix consisting of quartz (colourless), dravite (acicular crystals) and pyrite (black)– 1 N.
32
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Fig. 4. – The X-ray powder diffraction spectra of tourmaline samples from a) the Sântimbru-Băi quarry,
ground level 0 and b) the Sântimbru-Băi quarry, ground level 1. D – dravite, Q – quartz.
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PHOSPHATES IN THE BAT GUANO DEPOSIT FROM GRIGORE DECAPOLITUL CAVE
(CĂPĂŢÂNII MOUNTAINS, SOUTH CARPATHIANS, ROMANIA)
Ştefan Marincea33, Delia-Georgeta Dumitraş1, Gabriel Diaconu2

“Peştera Liliecilor de la Mânăstirea Bistriţa” (the Cave of the Bats from Bistriţa Monastery) is
located in the right slope of the gorges of the homonymous river (Căpăţânii Mountains, South
Carpathians), at about 800 m upstream from the monastery. The cave, referred to hereafter as
“Grigore Decapolitul Cave”, is famous due to a small church located in the biggest room of the
cave, opened at about 80 m upwards the valley bed. This church hosts the relics of the Saint
Grigore Decapolitul, who gave the second name of the cave. The cave galleries are developed in
Upper Jurassic micritic limestones with calcarenite intralayers. Including the divergent galleries, the
cave has 400 m in length.
A small (25 m x 15 m x 5 m) room, located in the terminal part of the cave, hosts an active
bat colony. Consequently and thus an important bat guano deposit can be observed on the floor.
Hydroxylapatite, brushite, taranakite, ardealite, leucophosphite, gypsum and calcite mainly compose
the guano mass. At the basis of the guano deposit, near its limit with the terra rossa mass, small
amounts of illite (the 2M1 polytype), interstratified kaolinite-illite, quartz and amorphous iron
sesquioxides are included in the guano. The iron sesquioxides are probably the same that gave
the red ferruginous staining to the terra rossa.
The purpose of the present study is to obtain additional data on the phosphate and sulfate
species in the deposit, using inductively coupled plasma - atomic emission spectrometry (ICP-AES),
ion chromatography, scanning electron microscopy, X-ray powder diffraction (XRD) and infrared
absorption spectrometry. All analytical facilities, procedures and experimental details are similar to
those already described by Marincea et al. (2002) and Marincea & Dumitraş (2003).
Hydroxylapatite occurs as cream coloured to orange crusts of dull appearance. SEM images
show that these crusts are mainly composed by spherical aggregates of up to 100 µm in size. In
their turn, the aggregates are composed by thin, roughly hexagonal blades of hydroxylapatite, flattened
on (0001). Individual crystals are up to 0.2 µm thick and 10 µm across. The crystal masses are
highly fractured, and weathering products (probably brushite, but also some gel-like, iron-bearing
phases) may be observed within the fractures.
The indices of refraction, measured in monochromatic light (λ = 589 nm), on thin, platy
aggregates, taken off from a representative sample (PGD 1 B) are ω = 1.646(1) and ε = 1.640(1).
The density of the same sample, measured by sink-float in methylene iodide diluted with toluene,
at 25ºC, is 3.15(1) g/cm3, which compares well with the calculated value Dx = 3.155 g/cm3.
An ICP-AES analysis of a representative sample (PGD 1 B - with sulfate measured by ion
chromatography and water in hydroxyl groups deduced for charge balance) gave (in wt.%): CaO =
54.75, MnO = 0.14, MgO = 0.29, FeO = 0.45, K2O = 0.10, Na2O = 0.12, P2O5 = 41.54, SO3 = 0.92,
H2O = 1.69. The corresponding chemical-structural formula, calculated on the basis of 6 (P + S)
and 26 (O,OH) per formula unit (pfu), is:
[Ca9.815Mn0.020Mg0.072Fe2+0.063K0.021Na0.039](P5.884S0.116)O24.116(OH)1.884.
The (Sr, Ba, REE)-for-Ca substitutions are minor: the analyzed sample contains low Sr
(102 ppm), Ba (70.9 ppm), Yb (0.899 ppm), Gd (2.04 ppm), Er (0.838 ppm), Dy (2.57 ppm), Y (16
ppm), Eu (0.265 ppm), La (8.82 ppm), Ce (2.37 ppm) and Nd (6.5 ppm).
The infrared spectrum of the same sample gave, however, a pattern typical for a water-bearing
carbonate-hydroxylapatite. The spectrum contains OH stretching (3412 cm-1) and librational (625 cm-1)
bands of molecular water, together with bands assumable to CO3 groups (ν3 1466 cm-1, ν3’ ~1450 cm-1,
ν2 873 cm-1). Bands materializing vibrational modes of the PO4 groups were found at 1080 cm-1 (ν3),
1042 cm-1 (ν3’), 960 cm-1 (ν1), 604 cm-1 (ν4), 564 cm-1 (ν4’) and 470 cm-1(ν2).
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The unit cell parameters for 10 representative samples, as refined by least squares from
XRD data, are given in Table 1.
Table 1.
Unit cell parameters of hydroxylapatite (Grigore Decapolitul Cave).
Sample
PGD 1 A
PGD 1 B
PGD 5 B
PGD 5 C
PGD 6 A
PGD 6 C
PGD 8 B
PGD 9 B
PGD 9 C
PGD 11 B

a (Å)
9.425(2)
9.431(3)
9.433(2)
9.419(3)
9.422(3)
9.420(2)
9.431(3)
9.423(2)
9.431(2)
9.430(2)

c (Å)
6.878(2)
6.867(3)
6.879(3)
6.895(3)
6.881(4)
6.873(1)
6.872(5)
6.876(3)
6.874(3)
6.877(3)

3

V (Å )
529.2(2)
529.0(4)
530.1(2)
529.8(3)
529.1(4)
528.2(2)
529.3(4)
528.8(2)
529.5(2)
529.6(3)

(1)

n
6
3
4
4
3
10
4
4
6
4

(2)

N
32
30
31
40
53
32
29
46
40
40

* Monochromatized Cu K α radiation (λ = 1.54056 Å); (1) number of least squares
refining cycles; (2) number of reflections in the 2θ range 10 - 90° used for refinement.

The mean unit cell parameters, taken as average of the ten sets of values in Table 1, are
a = 9.427(5) Å c = 6.877(7) Å and V = 529.3(5)°.
Brushite generally occurs as bright white coatings, with silky luster, on the hydroxylapatite
crusts, or as thin layers, nodules or lenses enclosed by the guano mass. SEM study shows that the
mineral forms compact aggregates of finely lamellar crystals, flattened on (010) and elongated
toward a direction that may be [101] or [102]; they are up to 0.1 µm thick, 5 µm wide and 10 µm
long. Radial sprays of very thin plates, disposed on hydroxylapatite, were also found.
An ICP-AES – ion chromatography analysis of a representative sample (PGD 2 C) yielded
(in wt.%): CaO = 32.36, MnO = 0.03, MgO = 0.05, FeO = 0.09, K2O = 0.07, Na2O = 0.01, P2O5 =
40.89, SO3 = 0.38, H2O (as calculated for charge balance) = 26.12.
This composition, normalized on the basis of 1 (P + S) pfu, leads to the chemical-structural
formula: [Ca0.993Mn0.001Mg0.002Fe2+0.002K0.003Na0.001](HPO4)0.992(SO4)0.008·2H2O.
As well as in the case of hydroxylapatite, the (Sr, Ba, REE) for Ca substitutions are
insignificant; the analyzed sample contains minor Sr (45.8 ppm), Ba (70.1 ppm), Y (2.03 ppm) and
La (2.13 ppm).
The refined unit cell parameters of the sample, based on 60 reflections between 7.5 and 1.1 Å,
for which an unambiguous indexing was possible, are a = 5.802(3) Å, b = 15.181(8) Å, c = 6.235(3) Å
and β = 116.15(3)º. With Z = 4, the calculated density for the formula given before is Dx = 2.318, which
is close to the value measured by sink-float in methylene iodide diluted with toluene [D = 2.32(1)]. The
indices of refraction of the same sample, measured as maximum and minimum values on platy clusters
of crystals are nmin = α = 1.540(2) and nmax = β = 1.546(3), γ (calculated for 2V = 86°) = 1.551.
Calculation of the Gladstone-Dale relationship using the constants of Mandarino (1981) yields superior
compatibility (compatibility index = - 0.012).
Ardealite occurs as earthy, white-yellow aggregates, deposed on hydroxylapatite crusts or
as nests and small veins in the brushite - hydroxylapatite masses. The unit cell parameters,
calculated by least squares refinement from 63 reflections taken off from the most representative
diffraction pattern (sample PGD 8 A), are: a = 5.714(3) Å, b = 31.002(13) Å, c = 6.255(3) Å and
β = 117.16(3)º.
Leucophosphite sparsely occurs as very fine-grained (up to 20 µm in length and 10 µm in
width) reddish-brown, platy crystals, typically associated with 2 M1 illite and low (alpha) quartz. The
mineral was found at the basis of the guano mass, near the contact with terra rossa. The unit cell
parameters calculated after 5 cycles of least-squares refinement from the X-ray powder data (46
reflections in the d range of 4.75 to 1.11 Å) are a = 9.762(4) Å, b = 9.667(3) Å, c = 9.748(4) Å and
β = 102.28(2)º. Wet-chemical tests on impure material helped to discriminate between leucophosphite
and spheniscidite, which have basically the same XRD pattern.
α
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Taranakite occurs as crusts or nodular masses composed by ill formed, almost warty,
crystal groups, and, more frequently, as earthy masses of chalky appearance. SEM examination
shows that the mineral forms clusters of roughly hexagonal plates, up to 20 µm across.
The cell parameters of 7 selected samples, as refined by least-squares analysis of the Xray powder data, are given in Table 2.
Table 2.
Unit cell parameters of taranakite (Grigore Decapolitul Cave).
Sample
PGD 6 A
PGD 6 B
PGD 7 A
PGD 9 C
PGD 10 A
PGD 10 C
PGD 11 A

a (Å)
8.701(1)
8.694(1)
8.692(1)
8.694(1)
8.698(7)
8.710(2)
8.697(1)

c (Å)
95.04(2)
94.98(2)
94.92(1)
94.96(1)
94.93(1)
95.04(4)
95.08(2)

3

V (Å )
6231.0(13)
6217.6(17)
6210.7(8)
6215.1(11)
6219.9(9)
6244.7(27)
6228.0(13)

(1)

n
8
5
8
10
10
8
6

(2)

N
54
76
63
77
70
58
85

* Monochromatized Cu K α radiation (λ = 1.54056 Å); (1) number of least squares
refining cycles; (2) number of reflections in the 2θ range 5 - 65° used for refinement.

The mean unit cell parameters, taken as average of the values in Table 2, are a = 8,698(6)
Å, b = 94,99(6) Å and V = 6224(11) Å3. Both values are lower than those calculated by Marincea &
Dumitraş (2003) for synthetic (NH4)3Al5(HPO4)6(PO4)2·18H2O [a = 8.726(6) Å and c = 96.17(9) Å]
and K3Al5(HPO4)6(PO4)2·18H2O [a = 8.706(4) Å and c = 95.94(8) Å], which is probably due to both
Fe3+-for-Al and (Na, Ca, Mn, Mg, Fe2+)-for-K substitutions.
Gypsum forms radial or parallel aggregates of minute bladed crystals up to 15 µm in length,
which currently show parallel growth along the b* axis. Macroscopically, the mineral occurs as
snow-white aggregates deposed at the surface of the guano mass or as small (up to 5 cm across)
nests or lenses enclosed by guano. The cell parameters of a representative sample (PGD 4 A),
calculated by least-squares refinement on the basis of 69 X-ray powder reflections, are a =
5.640(3) Å, b = 15.243(6) Å, c = 6.501(3) Å, β = 118.18(2)°.
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SALT DAMAGES OF SOME SANDSTONE BUILDINGS IN BELGRADE (SERBIA)
Vesna Matovic34, Nada Vaskovic1, Aleksandra Rosic1

Introduction
Sandstone has been a traditional building material in Serbia since medieval times. It was used
extensively in building monuments, sculptures and especially in Serbian parochial architecture.
In the first half of the twentieth century, and later (1955-1970), sandstone was used as a
building material as irregular or regular slabs or blocks as well as for stone panels on façades of
numerous buildings of Belgrade. Sandstone buildings are exposed to both external and internal
weathering processes The interaction of these processes depends on the nature of the environment
and the degree to which both, the features of the building and the location of the stone within the
building, affect this. Through the normal processes of weathering/thawing, a natural breakdown of
sandstone occurs. This is intensified by salt crystallization, and the internal processes involved in
the mineralogical conversion.
Unfortunately, in the last twenty years, the acceleration of sandstone decay in buildings of
Belgrade has been noticed. The common damages types are as follows: exfoliation, granular
disintegration, peeling, black crust formation and efflorescence.
Soluble salts are important agents in the stone deterioration. They concentrate as efflorescence
on the surface and as sub-efflorescence close beyond the surface of the stone. In both cases,
soluble salts occur in most places where deterioration occurs. They are very mobile, moving along
the surface as well as in and out of the surface. These movements occur periodically i.e. depending on
the seasons and the atmospheric conditions (Amoroso & Fassina, 1983). The sources of the
soluble salts are various, including the geogenic sources (the stone itself, rain water, groundwater etc)
and sources related to the anthropogenic activities and products (atmospheric pollution, mortars etc;
Winkler, 1994).
The crystallization of soluble salts is a widespread weathering process on more observed
sandstone buildings in Belgrade. The aim of this paper is to represent morphology of salt weathering
and its mineral composition on the following buildings: St. Marco Church, Riverbank Pillars of Brankos
Bridge and the Monument “Oslobodiocima Beograda 1944”.
The mineralogical composition of powdered salt samples was obtained with a “Philips”
PW1051 diffractometer under the following experimental conditions: Vg=1o20/min, Vp=10mm/min
and R/C=500/I using CuKα radiation, tube conditions 45 kV and 25 mA.
Physical properties of stone samples were measured in the Laboratory of stone and
aggregates at the Institute of highway in Belgrade.
History and architecture of some objects in Belgrade
The Branko’s Bridge is an important utilitarian structure connecting the old part of the
Belgrade on the right bank of the river Sava with the new part of the city, situated on its left bank.
The old decorated pillars represent an extraordinary union of modern engineering and old architecture.
Some of them are still used for communication, as stairways. Pillars built from 1931 to 1933 are made
of ferro-concrete, while stone paneling was made of Bele Vode sandstone. They were constructed
in Roman-Byzantine style adorned by numerous architectural elements and sculptural decoration
(Kadijevic, 1996). Cornices, rosettes and consoles ornament the upper parts of the façades.
The St. Marco Church was built between 1931 and 1939, and represents the first building
of the Byzantine style in our country made of ferro-concrete. Roofs are also made of ferro-concrete
and covered with cooper, walls are of cement-mortar. The church facades were made of the
sandstone from Bele Vode and of Red Permian Sandstone. The plinth with outflows out of the walls is
faced with granites.
34
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The monument “Oslobociocima Beograda 1944” was constructed in 1954. The Main Portal
consists of five entrances with short sidewise walls with bas-reliefs. The main portal, the platforms
and the steps were made of sandstone blocks from the quarry Osoje near Ljig, and the bas-reliefs
of marble from Brach Island (Croatia). Sandstone tiles flag platforms and steps. The portal is
composed of 459 visible sandstone blocks of variable size. Randomly location of the different
blocks and bushhammering has caused the occurrence of various type of destruction.
Petrography and physical properties of sandstones
Bele Vode sandstone (BV) represents Lower Miocene, shallow-water lacustrine massive to
well bedded grayish to yellow-brownish, sometimes pinkish or red colored sediments. They have
often cavities, of approximately 0.5 mm in diameter. The coarse- to fine-grained (0.2-1mm) sandstones
used as building stone may be described as arkoses, composed of poorly-sorted angular (the gray
varieties) or subrounded to rounded (the yellow varieties) grains of quartz (50-60 vol. %), K-feldspar
(up to 15 vol.%), plagioclase (up to 5 vol.%), white mica (up to 10 vol.%) and rock fragments (up to
10 vol.%; mainly metamorphic). In the yellow and pinkish to red varieties the contact-pore binding
is ferro-calcite, while in the grayish variety, it is quartzitic-argilliceous.
The physical properties of the BV are as follows: bulk density (1880-2420 kg/m3), absolute
porosity (7.4-27.9 %) and water absorption (2.43-9.16 %), indicating that the BV are medium heavy
and high porous rocks with moderate to high water absorption.
Long-lasting studies under frost, freezing and thawing cycles revealed the BV sandstone as
stable rocks, whereas crystallization experiment estimated it as partly unstable. The sandstone
durability is influenced by variable porosity and water absorption ability of pore cavities.
The Upper Cretaceous sandstones from the Ljig flysh - quarry Osoje (LO) are subarkose to
lithic arenite, brown to gray in color, fine - or fine - to coarse-grained sediments uniform or slightly
sorted sometimes with lamination and convolution as well as fissures and cracks parallel to
bedding. They are composed of rounded to angular grains of quartz, (55.82 vol.%), feldspar (15.33
vol.%), rock fragments (17.42 vol.%) and white mica (5.02 vol.%). The contact and pore binding is
calcitic to argillaceous-quartzitic and slightly ferruginous.
The physical properties of the LO are as follows: medium heavy (2460 kg/m3), medium to
high porous (9.85 %) with slight to moderate water absorption (2.25 %).
Red Permian sandstone from the Grza (RPG) is well bedded to massive, with rare lamination
and cross bedding. Some parts of the red pile are colorless or grayish colored. It is mainly arkose,
rarely quartzitic, and it is composed of subrounded to angular poorly-sorted grains of quartz (50-70
vol. %), feldspar (up to 25 vol.%), mica (up to 2 vol.%) and rock fragments (up to 5 vol.%) –
volcanic, chert, quartzite, schist. Contact and pore binding are ferruginous and calcitic or quartzitic.
Physical properties point to the homogeneous quality of the RPG: density (2630-2692 kg/m3),
the extreme to moderate porosity (4.9-11.2 %) and the slight to moderate water absorption
capacity (1.53 to 3.06 %).
Environmental conditions
Generally, all the buildings in Belgrade are exposed to a medium continental climate with
wet and hot summers and long cold winters, often with fogs and snow, and short autumns and
springs. The average yearly precipitation, the number of the frost-icy days and the value of the high
relative humidity during winter, accelerate the degradation of the sandstones. Simultaneous
precipitations (yearly average of 684.5 mm), and temperatures below 0o C (61.5 frost days per year
and 17.6 ice days per year), cause freeze/thaw action within materials. Yearly and monthly thermooscillations are considerable. Predominant winds are from NE (max. 50-100 km/h). During the
summer time, the highest temperatures are accompanied by high insulation. The geographical
position of the town, the relief, the climate and the rapid development of industry after 1950 caused
high concentrations of air pollution. Yearly average concentration of smoke and SO2 are relatively
low but for individual months (as November, February) daily maximum values in Belgrade are over
the recommended limits (50 µm/m3 for smoke and 150 µm/m3 for SO2). The differences in SO2
concentration between summer- and wintertime indicate a great input of the pollution, related to the
heating systems. The combustion of fossil fuels releases sulfur as SO2 into the atmosphere. The
yearly average pollutant concentrations are relatively low, but the maximum yearly average for
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individual years (1991, 1992) was appreciably over the accepted limit in Belgrade. The main effect
of SO2 in the air is the changing of the pH of the rain. These acid rains attack building façades.
During the last ten years, the content of SO2 and smoke show decreasing trend but even these
lower contents are damaging for stone.
Salt damages
Several types of degradation are noticed on the studied buildings. The granular disintegration,
exfoliation, scaling, blistering and the black crust are the dominant stone pathologies. Formation of
thin films and patches of soluble salts follow these damages. The salt efflorescences are found on
the surfaces of sandstone elements in the different positions, at the exterior and interior (stone
elements that are sheltered from the rain - arcades, porch etc) parts of the facades. It appears
mostly at the border between the wet and the dry zones of walls, mostly in the form of white
powder-like accumulations.
At the riverbank pillars of the Branko’s bridge, the visual evidence of efflorescences are
found in arcade’s porches where they occur at the upper limit of the ground moisture rising into the
wall (Fig. 1). X-ray data show that they are composed of thenardite (Na2SO4) and thermonatrite
(Na2CO3 H2O). Water from the soil had leached sodium sulfate/carbonate from the soil and
capillary action drew this salt solution into the stone. During the long-lasting moisture, these salts
penetrate into the stone surface, collect soot and begin to recrystallize. Losing its mechanical
strength, the stone surface disintegrates into powder.
At the less sheltered surfaces of Branko’ bridge, the efflorescences occur as white, soft
patches on the stone surface (Fig. 2). They are composed of gypsum (CaSO4) and halite (NaCl),
their sources may be different. Gypsum is relatively enriched near the mortar joints and probably it
is “leached’ from the mortar matrix. Halite can be a result of rainwater evaporation or deicing, but in
any case all of these salts accelerate peeling, chipping and later exfoliation of the sandstone
blocks (Matovic, 1999).
At the St. Marko church, the observation of the stone panel made of BV sandstone shows
minor signs of deterioration and no efflorescence is found on their surfaces (Matovic & Milovanovic,
2001). However, certain parts of the façades made of RPG sandstone are badly deteriorated. The
granular disintegration and exfoliation are followed by the forming of the efflorescences and
probably sub-efflorescences. The deposits of soluble salts occur on higher parts of façade, but only
on the sheltered surface of the arcades porches. X-ray analysis of salt was carried out in samples
from the arcade’s porches. The data showed various amounts of hydration water in the analyzed
phases (thenardite - Na2SO4, mirabilite - Na2SO4.10H2O), which are influenced by the relative humidity
in the atmosphere. These salts are concentrated from large surfaces into small areas but they produced
considerable deteriorations. Their origin is related to the air pollution or to the cement mortar.

Fig. 1. Efflorescence in the
upper zone of rising ground
moisture (arcade porches of
Bronco’s bridge).

Fig. 2. Efflorescence of gypsum and halite
at less sheltered surface.
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On the sandstone blocks of the monument “Oslobodiocima Beograda 1944” the following
types of degradation were noticed: the exfoliation, the granular disintegration, the flaking and
peeling, the forming of the efflorescence and of the black crust. The black crusts and the soluble
salts are the results of a significant anthropogenic pollution impact on the sandstone blocks of this
monument. The black crusts are composed of gypsum crystals, fly ashes and soot and include
also some minerals originating from the sandstone (Fig. 3). The black crusts formed in sheltered
areas not exposed to runoff, where there are conditions for the joint between salt solutions (input
by capillary transfer) and the fly ashes and soot originating from the polluted air.
The X-ray analysis of sample scratched from the bas-reliefs of the Monument show the
presence of thenardite and aphthitalite – (K,Na)3Na(SO4)2 (Fig. 4). Their source is probably related to
the circulating water along mortar joints.

Fig 3. X-ray diffraction patterns of the
Monument «Oslobodiocima Beograda
1944» (sample of black crust).

Fig. 4. X-ray diffraction patterns of salt
from facades of the same monument.

Conclusions
At the studied sandstone buildings the most important damages are caused by water and frost
as well as by the soluble salt migration. The presence of water and moisture favor the solubility and
hydrolysis of the corrosion products; having evaporated, the water leaves behind concentrations of salt
solutions, which crystallize on the stone surfaces. Phase changes of water-soluble salts are induced by
environmental factors, namely variation of temperature and relative humidity. The crystallization of
these salts requires water and results in their expansion causing the degradation of stone material.
Consequently, the stone surfaces begin to exfoliate.
Analyses show that the main salts/corrosion products are gypsum, thenardite/mirabilite,
aphtitalite, thermonatrite and halite. The data allowed to group the possible sources of the salt as
follows:
- Rain water, as an important source of salt (gypsum, halite, thenardite);
- Soluble parts of the building materials themselves (mortar);
- Ions transported with the rising damp from ground;
- Wet or dry deposition of air polluting substances and their interaction with stone.
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PETROGRAPHIC NOTES ON THE PRAID SALT BRECCIA (ROMANIA)
Ioan Mârza1, Vasile Pomârleanu 2

Introduction
Salt breccia is a tectonic-diapiric formation that is often mentioned in Romanian literature
due to its existence in local salt massifs. The mechanism of salt breccia formation has often been
discussed, focussing on source of the clasts. Thus, detailed petrographic aspects that can provide
useful information on the lithology and even on the stratigraphic geology of the formations situated
immediately above the salt level, were overlooked. Romanian authors mentioned different origins
of salt breccia:
- Tectonic formation (Popescu – Voiteşti, 1924, 1934, 1943);
- Sedimentary formation (Olteanu, 1951; Popescu, 1951);
- Mixed-origin formation (Filipescu, 1938).
The term salt breccia should only be used with a tectonic meaning, as it is genetically and
spatially associated with diapiric structures formed due to the effect of salt tectonics (halotectonics). In
other words, salt breccia is a external and cap-rock tectonic-diapiric intrusion body. The development
of ideas about the salt diapirism was already presented by Pătruţ et al. (1973) and Drăgănescu (1997).
The Praid salt deposit was mentioned and studied by numerous authors such as Pošepny
(1867), Popescu – Voiteşti (1943), Maxim (1961), Iorgulescu et al. (1962), Paucă (1967), Dragoş
(1969) etc. According to Popescu – Voiteşti (1943), the Praid salt diapir pierces the formations of
Mediterranean – Sarmatian to Pliocene ages, including volcanic tuffs, andesite agglomerates, etc.
In the opinion of this author the age of the Praid salt is Aquitanian. The same author signals the
presence of salt breccia in an outcrop in the Corund Valley.
The paper focuses on the study of the metamorphic clast samples collected by one of the
authors (I. Mârza) from the inner part of the salt massif (underground). The data are compared with
previously published data.
Pošepny (1867) mentioned the existence of a special type of breccia both at the surface of the
salt massif as well as inside it. This breccia is formed by angular fragments of “trachytes and crystalline
schists”. The author assumed that the crystalline schists originate from the disaggregated trachytic
agglomerates that entrapped them.
The rock fragments that form salt breccia in the Praid diapir are located in the external parts
as well in the apical part of the massif, inside and outside the salt diapir. The salt is intensely
folded, faulted and brecciated during and possibly even after diapirism.
The clasts which form the salt breccia, are reprezented by various rocks, as sedimentary
(marls, clays, sandstones), metamorphic (porphiroids) and magmatic (volcanics) ones.
In the breccia as well as inside the salt massif, elongated and ovoid-shaped lenses as well
as almost circular pockets of marls and clay of few meters diametre are found.
Sandstones occur frequently, as angular fragments, sometimes fissured. The white (pure)
fibrous salt (recrystallized) infilled the fissures due to tectonic processes.
Fragments of crystalline schists, from few millimeters to over 1 meter in size, occur frequently.
The shape of the clasts is angular or slightly rounded, partly possible due to the movements inside the
salt. These fragments occur along tectonized areas (microfolded and fractured).
The high frequency of hard rocks (porphyroides, sandstones) of angular aspect is
surprising as it supposes their refragmentation in the tectonic-diapir process. Our study focuses on
the petrographic description of the metamorphic clasts, called with the generic name of crystalline
schists, by the previous authors.
1. The petrography of the metamorfic clasts
1.
2.
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The metamorphic clasts were collected in the mininig workings (Level 266 m, chambers
6200, 6208) and then analyzed in thin sections. They correspond to porphyroides (metavolcanic
rocks – metapyroclastic rocks) having various compositions, as follows: metadolerites, metadacites,
metarhyolites, metatuffs. Often they are mylonitized.
Metadolerites are greenish rocks whose structure resembles that of chlorite schists with
albite porphyroblasts. According to Mârza (1969) the plagioclase porphyroblasts formed during the
tectonic-metamorphic phenomenon. The rock is formed of plagioclase relics caught in albite-quartz
micrograiny groundmass, with chlorite and subordonate muscovite. The original structure of the
premetamorphic rock of dolerite type is preserved (Pl. I, Fig. 1). Plagioclase relics partially maintain
the polysynthetic twinning and are transformed into fine-grained muscovite (“sericite”) and zoisite.
The rare magnetite grains represent premetamorphic relics.
The metadacites correspond to the most widespread lithic fragments found inside the
Praid diapir. The rock is gray, greenish or black in colour. It has schistose structure and porphyric
texture (relics of quartz and feldspars) - Pl. I, Fig. 2. The most frequent size of the rock fragments
is 10 x 20 cm but there are also blocks ranging over 1 m in length. The disposal of these elongated
fragments marks the direction of the tectonic flow of the salt.
Microscopically, the rock reveals the features of a typical porphyroid, with quartzo -feldspathic
(0.08 x 0.10 mm – 0.02 x 0.03 mm size of the grains) and chlorite – muscovite (“sericite”) groundmass.
Chlorite replaces pseudomorphically, hornblende. Small amounts of zoisite, actinolite, calcite, and iron
hydroxides occur also. Apatite (0.03 x 0.04 mm) and zircon microlites (0,02 x 0,08 mm) represent
premetamorphic components of the rock.
Plagioclase feldspar is reprezented by albite, sometimes of schachbrietalbit type. It has
about 2mm in size and a sub-rounded shape. Some plagioclase crystals preserved the initial
twinning but not the original content of An %, due to the metamorphic decalcification of the mineral.
Quartz (0.48 x 0.50 mm) exhibits wavy extinction and jagged rims.
The semiquantitative analysis of the mineral components of the rock indicates the following
percentages: 37% quartz, 26% feldspar, 12% muscovite, 10% chlorite, 3% opaque minerals (magnetite,
pyrite), 11% calcite (secondary origin) and 1% other minerals as apatite, zircon and zoisite. The
asociation of primary minerals corresponds to a dacite (as premetamorphic rock).
Metarhyolites have a gray colour. The structure is schistose, microfolded, and the texture
blastoporphyric. The groundmass is constituted of quartz and feldspar fine grains (0.08 x 0.10 mm)
often associated with “sericite”, chlorite, rarely biotite. Orthoclase (Pl. 1, Fig.3), plagioclase (polysynthetic
twinned albite) and magmatic corroded quartz (relic feature; Pl. I, Fig. 4.) occur as phenocrysts.
The accessory minerals are represented by zircon, monazite, apatite, pyrite and hematite
microlites. The presence of hematite and iron hydroxides is responsible for the reddish color of the
rock. Rhyolitic volcanic rocks underwent hydrothermal silicification, mirrored by quartz veins of 0.30 –
0.50 mm width.
Mylonitized metarhyolites are characterized by a milonitized quartzo-feldspathic groundmass
(0.15 x 0.20 mm), with high amounts of muscovite (“sericite”) and chlorite.
Rhyolitic metatuffs are micrograiny rocks, having a schistose structure. They are formed
mainly from quartz and rarely feldspar, “sericite” (muscovite), chlorite, apatite, zircon and pyrite.
2. The petrography of the Neogene volcanics clasts
Fragments of Neogene volcanics from the Praid salt breccia include andesites with pyroxene
and hornblende.
Andesites with pyroxene and hornblende are dark-colored rocks, with a primary vacuolar
microtexture. The fabric is subfluidal porphyric-hyalopilitic structur. The groundmass is mainly vitreous
and partially microcrystalline (due to the feldspars microliths). The minerals are represented by
polysynthetic-twinned plagioclase associated with pyroxene (augite; 0.50 x 0.80 mm size),
completely oxidized hornblende and biotite (0.40 x 1.20 mm in size).
The semiquantitative analysis show the following percentages: glassy-microlithic groundmass
(52%), plagioclase (32%), pyroxene (10%), hornblende (3%), biotite (0.5%), opaque minerals (2.5%).
3. The petrography of the sedimentary rock fragments
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The sedimentary rocks found in the Praid salt breccia are represented by Neogene sandstones
and pelites (clays, marls). The clays and marls are fairly plastic and occur as “pockets”. They can also
be laminated in highly-tectonized zones (on the sides of microfolds and in fractured zones).
Quartzo-feldspathic sandstones are the most widespread enclavated fragments inside
the Praid diapiric massif. The sandstones have light gray colour, angular shapes and reach from
few centimeters to over 1 meter diameter. Their mineralogical composition is as follows: quartz
with wavy extinction, feldspar, mica (muscovite, partially oxidized biotite). Apatite, zircon, calcite
and glauconite may also occur.
Clays and marls are found in sub-rounded, lens-like pockets and as laminae – in tectonically
active zones which mirror the direction of the tectonic flow of the salt. Both clays and marls are
basically constituted by clayey minerals (beidellite, montmorillonite), “sericite” (fine-grained muscovite),
chlorite and quartz, feldspar, calcite, iron oxi-hydroxides etc.
Conclusions. The Praid salt breccia has a tectonic - diapiric genesis. According to its
position in the salt massif, the breccias are located marginal, cap-rock and internal. The internal
breccia discussed above is constituted from fragments of metamagmatic (porphyroides) rocks,
andesites with pyroxene and amphibole (Neogene pyroclastics) and sedimentary rocks (clays,
marls and sandstones). During the process of the salt migration, fragments of enclavated rocks
floated in the salt due to the plastic environment. Thus they underwent sometimes syn-cinematic
refragmentation that explain their angular shape.
The petrographic analysis presented in the paper shows a perfect resemblance between
the fragments of metavolcanic roks analyzed and the porphyroides of the Tulgheş type
epimetamorphics. Fragments originated from epimetamorphic rocks and transported in the Sovata
- Praid area of the sedimentation basin (Transylvanian basin) from the eastern border. These
fragments of metamorphics, together with Neogene sedimentary rocks located above the salt level
were involved in the diapir tectonics. They continuosly were spatially redistributed and moved
inside the salt deposit due to the mechanic effect of the salt.
Acknowledgments. The authors would like to thank geologist Otilia Sasu for the guidance
and assistance she readily provided in the underground of the Praid mine.
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Pl. I

Fig. 1. Metadolerite clast. N+, 30x.
Fig. 2. Silicified metadacite clast. Quartz veins cross-cutting quartz macrograins having wavy
extinction. N+, 45x.
Fig. 3. Metarhyolite clast. Orthoclase crystal in a quartzo-sericitic groundmass. N+, 45x.
Fig. 4. Metarhyolite clast. Magmatic corroded quartz, with wavy extinction. N+, 45x.
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CHLORITE-CHLORITOID-GARNET EQUILIBRIA AND GEOTHERMOMETRY IN
THE SANANDAJ-SIRJAN METAMORPHIC BELT, SOUTHERN IRAN
Mohssen Moazzen35

Metapelites are important rocks, sensitive to the condition of metamorphism. Thus they can be
used to estimate the pressure and temperature of the metamorphism. Despite these characteristics,
it is difficult to find low-grade metapelites (greenschist facies) possessing enough phases in
equilibrium to have low-variance assemblages. Therefore, the estimation of the pressure and the
temperature of the metamorphism in these rocks is difficult. Some investigators have considered
this problem and have attempted to calibrate useful geothermometers for low-grade pelitic rocks.
The most important geothermometers applicable to low-grade metapelites are chlorite-garnet (for
garnet phyllites and garnet schists) and chlorite-chloritoid Fe-Mg exchange geothermometers.
Chlorite-chloritoid-garnet and chlorite-chloritoid assemblages were found in metapelites of the
Sanandaj-Sirjan metamorphic belt in southern Iran. Other phases in the rocks include muscovite,
quartz, magnetite, titanite and zircon. Chloritoid, chlorite, garnet and muscovite were analysed
using electron microprobe and SEM. The chemical study of the minerals indicates that chlorites are
ripidolite to daphnite. Chloritoids are Fe-rich and garnets are essentially almandine with appreciable
amounts of grossular and spessartin. The analysed white micas are muscovites with considerable
amounts of paragonite end-member, a celadonite end-member being absent. One calibration of
chlorite-chloritoid Fe-Mg exchange geothermometer and three different calibrations of chloritegarnet Fe-Mg exchange geothermometer were applied to metapelites of the Sanandaj-Sirjan
metamorphic rocks. Chlorite-chloritoid thermometry yields temperatures of cca 515-557ºC for the
rocks. Chlorite-garnet thermometry gives temperatures between 442 and 460ºC. The application of
these thermometers yields fairly close temperatures for regional metamorphism in the studied area
within the chlorite zone, indicating a medium to high greenschist facies. The difference between
the results from garnet-chlorite and chlorite-chloritoid thermometers is about 70ºC. Most probably,
the temperatures obtained using the garnet-chlorite thermometer are more realistic. If this is true,
then chloritoid-chlorite thermometer overestimates temperature about 70ºC.
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GEOCHEMICAL FEATURES OF BERYL FROM VOISLOVA PEGMATITES
(SOUTH CARPATHIANS)
Titus Murariu36, Smarada Rădăşanu37, Uwe H. Kasper 38, Thorbjorn Schoenbeck3

Introduction
Beryl is one of the most abundant and widespread minerals of beryllium in granite pegmatites.
Ideally, beryl formula can be written as T(2)Be3OAl2[T(1)Si6O18], but the chemical composition and
structure of most beryl samples are, however, more complicated. Whereas Si in T(1) is virtually
untouchable, extensive substitutions affect the Be – and Al – polyhedra and vacancies in channels
(Černý, 2002). Therefore, from a crystal-chemical reason, beryl formula is briefly represented as:
C

Na, Cs, H ,(ٱ2O) T(2)(Be,Li)3 O(Al, Sc, Fe3+, Cr, Fe2+, Mg, Mn)2 T(1)[Si6O]18

In granite pegmatites from Carpathian Province of Romania (Mârza, 1980), beryl is found in
some pegmatite bodies located in the Getic Subprovince (Teregova field – Semenic Mountains;
Voislova and Tâlva field – Poiana Ruscă Mountains; Despina, Pietrele albe, Haneş, Streaja – Lotru
Mountains) (Schadler, 1930; Superceanu, 1957; Maieru et al., 1968; Pomârleanu, 1969; Hann, 1987;
Murariu, 2001) and Gilău-Muntele Mare Subprovince (Bondureasa Valley – Mârza et al., 1988).
Commonly, beryl occurs as large crystals in the intermediate zones of zoned pegmatite
bodies, but was also found as small patches on fractures in albite. In pegmatites from Teregova,
beryl (11 kg) is assocated with quartz and K-feldspar, with plagiocalse, quartz and muscovite; or with
columbite, tantalite and montebrasite (Superceanu, 1957). In pegmatites from Bondureasa Valley
beryl (7x3 cm) comprises inclusions of tourmaline, quartz and muscovite (Mârza et al., 1988)
This paper reports on the geochemical features of beryl from Voislova pegmatites (Getic
Subprovince). Samples of beryl occur as large green crystals. In thin section, the interior of beryl is
filled by albite, (Fe,Mn)-phosphates and apatite. So far, only fluid inclusions of Voislova pegmatite beryl
were studied by Pomârleanu (1969), but there are no further geochemical data available for beryl.
Analytical methods
The analytical methods used for major compounds of beryl from Voislova pegmatite were
XRF and EMP.
XRF analyses were performed with a Philips PW2400 X-ray spectrometer, using the analytical
procedure "oxiquant". 72 natural rocks and clays were used to determine the calibration curves of
the pertinent elements.
EMP were carried out with a JEOL JXA-8900 instrument using operating current of 20 nA
and accelerating voltage of 20 kV. X-ray intensities of the alkalis, the minor (Ti and Mn) and the
major elements were counted for 5 s, 40 s, and 60 s, respectively. In order to minimize losses of
Na and K the beam diameter was expanded to 10 mm. Components were standardized using
natural minerals, glasses of natural rocks and synthetic oxide compounds. The results were
corrected using the ZAF procedure (Reed, 1996).
The trace elements are analysed by ICP-MS method (Perkin Elmer/Sciex ELAN 6000 ICP-MS,
quadrupole mass spectrometer). Measurements of element concentrations were performed using as
internal standards Ru-Re (10ng/ml) to minimize drift effects and two calibration solutions (high purity
36
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chemical reagents). A batch of 5 - 7 samples was bracketed by two calibration procedures. Accuracy
and precision of determinations were checked with certified reference materials (CRM) (Govindaraju,
1994; Dulski, 2000).
All the analyses were performed at the Geological Institute of Köln University, Germany.
Geochemistry of beryl
Since BeO is one of the major oxides of beryl which cannot be determined by XRF and/or
EMP, we recalculated the BeO concentration by stoichiometry, on the base of 3 Be cations per
formula unit. The final results of beryl composition are reported in Table 1.
After BeO recalculation, a deficit in major oxides total still persists for all analyses, and we
presume that it is caused by H2O contents, which were not determined and therefore cannot be
assessed by stoichiometry. Generally, the H2O content in beryl pegmatites range between about
1.4 and 2.5 % (Deer et al., 1999; Trueman & Černý, 1982). Rare alkalis (Li, Rb, Cs) do not exceed
0.12 per cent so that they do not affect significantly the sum of oxides.
The structural formula of beryl shows that this mineral accommodates alkali cations in
channel and femic cations in octahedral positions (Table 1). The total content of femic cations is
minor, and among them Fe2+ has the higher level of concentration. In five of the samples Mn
prevails over Mg. Just one sample is enriched in Mg relative to Mn.
Table 1.
The composition of beryl from Voislova pegmatites.
Oxides %

EMP
Sample 4 Sample 21 Sample 22 Sample 5

Mean

XRF

SiO2
TiO2
Al2O3
FeO
MgO

62.824
0.000
18.749
0.180
0.001

63.918
0.000
18.316
0.241
0.000

63.122
0.018
17.926
0.142
0.000

62.906
0.000
17.870
0.160
0.000

63.193
0.005
18.215
0.181
0.000

65.404
0.016
17.447
0.918
0.290

MnO
CaO
Na2O
K 2O
P 2O 5

0.021
0.179
2.593
0.000
0.163

0.014
0.000
2.078
0.013
0.005

0.007
0.000
2.205
0.017
0.033

0.019
0.019
2.339
0.025
0.000

0.015
0.050
2.304
0.014
0.050

0.089
0.048
0.612
0.000
0.233

0.016
0.000
0.000
0.003
0.005
13.515
13.550
13.550
13.535
13.537
98.241
98.135
97.020
96.876
97.568
Structural formula based on 18 oxygen atoms

0.005
13.654
98.716

Cr2O3
BeO
Sum
Si
P
Sum T (1)
Be T(2)
Al

5.814
0.013
5.827
3.005
2.045

5.900
0.000
5.900
3.004
1.992

5.891
0.003
5.894
3.038
1.972

5.886
0.000
5.886
3.042
1.971

5.873
0.004
5.877
3.022
1.995

5.979
0.018
5.997
2.999
1.880

Fe
Mg
Mn
Cr
Sum O

0.014
0.000
0.002
0.001
2.062

0.019
0.000
0.001
0.000
2.012

0.011
0.000
0.001
0.000
1.984

0.013
0.000
0.002
0.000
1.985

0.014
0.000
0.001
0.000
2.011

0.070
0.040
0.007
0.000
1.997

Na
K
Ca
Sum C

0.465
0.000
0.018
0.483

0.372
0.002
0.000
0.373

0.399
0.002
0.000
0.401

0.424
0.003
0.002
0.429

0.415
0.002
0.005
0.422

0.108
0.000
0.005
0.113
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The accommodation of femic cations in octahedral sites presumes the accommodation of
cations in channels in order to maintain the charge balance: C ٱOAl = C(Na,K) O(Fe,Mg,Mn) (1).
The content of alkali cations reaches up to 0.373-0.483 apfu, except for one sample with
0.113-apfu alkalis. For five samples the charge deficit caused by femic cations is compensated at a
lesser extent by alkali cations, and this behavior is denoted by the samples position on alkali femic
(Fig. 1). For the sample with lower alkali content the substitution (1) is obvious. The sample position
along the x axis, which represents CAT(2)Li = CٱT(2)Be substitution (2) indicates that Li is one of the alkali
cations in beryl composition and that Na, K, Ca (including Cs and Rb for one of the samples) are
mainly involved in compensation of charge balance required by Li accommodation in T(2) sites.
Using ICP-MS analysis, rare alkalis (Li, Rb and Cs) were identified as minor constituents of
beryl. The whole content of alkali in beryl is 1.78 wt % (Na =1.70 %; K = 0.01 %; Li =0.04 %; Rb
=0.002 %; Cs =0.02 %). Based on the alkali content, it belongs to a sodium-lithian beryl, for which
Na ranges from 0.0 to 2 wt %, Li is under 0.6 wt %, Cs is low (Beus, 1966; Hawthorne & Černý,
1977; Deer et al., 1999).
The relationship between Na/Li and Cs content in beryl is typical of primitive beryl-type
pegmatites (Fig. 2; Trueman & Černý, 1982).
The trace element concentrations are generally low, under 0.70 µg.g-1. Higher contents are
found for Sr (1.66 µg.g-1), Ba (1.18 µg.g-1) and Sc (1.42 µg.g-1). On the spider diagram (Fig. 3), the
trace elements, normalized to continental crust, show that beryl is enriched in Cs and Li and
depleted in all other trace elements (Fig. 3).
The concentration level of all 14 rare earth elements is also very low and the total amount
attains only 0.2 µg.g-1. However, beryl accommodates LREE (0.147 µg.g-1) at a higher degree
relative to HREE (0.053 µg.g-1).
The chondrite-normalized pattern of REE of beryl (Fig. 4) displays upwards downwards
curved segments, which result in a partly M-shape lanthanides distribution pattern named tetrad
effect (e.g. Peppard et al., 1969; Sinha, 1978; Masuda et al., 1987). The tetrad effect on REE
patterns is typical of magmatic rocks (and their minerals as well) and is found also in precipitates
from fluids. Recent discussions about the tetrad effect deal with highly evolved igneous rocks (e.g.
Bau, 1996; Irber, 1999; Irber et al., 1997; Monecke et al., 2002), which typically show an M-shape
tetrad effect. Thus, we could infer that beryl pegmatites from Voislova evolved from an igneous
system, even if the connection between pegmatites and granites is still unknown in this area.

Fig. 1. (Na+K+Rb+Cs+Ca) – (Fe+Mg+Mn+Cr+V+Sc)
relationship in beryl.
1. Beryl from Voislova pegmatites
2. Beryl from Teregova pegmatites
3. Beryl from different types of pegmatites
(data from Barton & Young, 2002)
4. Beryl from rare-elements pegmatites, Siberia
(Zagorski & Kuznetova, 1990).

Fig. 2. Na/Li – Cs relationship in beryl.
A - Barren and geochemical primitive beryl-type pegmatites;
B - Geochemical evolved beryl-columbite and berylcolumbite-phosphate pegmatites; C - Albite-spodumene
and complex pegmatites; D - Highly fractionated complex
pegmatites.
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Fig. 3. Continental crust normalized pattern of
trace elements of beryl.

Fig. 4. Chondrite normalized-pattern of REE in
beryl.

Conclusions
- analysed beryl from Voislova pegmatite does not fulfill the ideal composition, being enriched
in alkalis (mostly in Na and Li) so that it belongs to the sodium-lithian type of beryl;
- although the occurrence of beryl in Voislova pegmatites as large crystals denotes that
pegmatites belong to rare-elements pegmatites class, the relationship between Na/Li and Cs
content of beryl shows that these pegmatites are not significantly evolved from geochemical point a
view;
- the association of beryl with (Fe,Mn) – phosphates and apatite suggests that the main
volatile compounds in the crystallization environment were H2O and P2O5;
- beryl is characterized by low concentration of trace elements;
- the chondrite - normalized pattern of REE in beryl suggest an igneous origin of the pegmatites.
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SECONDARY MINERALS FOUND IN OLD MINE GALLERIES FROM ROŞIA MONTANĂ,
ROMANIA
Bogdan P. Onac39, Daniel Ş. Vereş, Joe Kearns40, Miruna Chirienco41,
Adrian Minuţ, Radu Breban42

Recent investigation on several secondary minerals formed in old mining galleries in the
Cârnic district (Roşia Montană, Romania) enabled us to characterize eight minerals. Out of these eight
identified minerals, the discovery of jokokuite is the first reported occurrence in the Carpathians
(Szakáll, 2002). A second mineral identified as apjohnite represents a new occurrence in Romania
(Udubaşa, 1999). Along with these two rare minerals, some other species of the halotrichite group
(pickeringite, halotrichite, apjohnite, and dietrichite), iron sulfates, and K-Al sulfates were identified.
Minerals were identified using light microscopy, X-ray diffraction, infrared, and scanning electron
microscopy with energy dispersive spectroscopy. The chemical composition of some samples was
determined with inductively coupled plasma atomic emission spectrometry. The precipitation of
these sulfates is largely controlled by cations substitutions and changes in the temperature, relative
humidity, and evaporation along the sampled gallery. The general sequence of sulfate deposition at
the investigated site includes the following main steps: (1) oxidation of pyrite by meteoric water
seepage through dacites to create ferrous sulfate and sulfuric acid solutions; (2) chemical reaction
between dacites and sulfuric acid from which other cations (Al3+, Zn2+, Mn2+, K+) are released into
solution; and (3) precipitation of various hydrated sulfates as a result of a combination of dehydration/
hydration, oxidation, and neutralization reactions that take place under different microclimatic settings.
The specimens are deposited in the Mineralogical Museum of „Babeş-Bolyai” University in Cluj-Napoca,
Romania.
Jokokuite - Mn2+SO4·5H2O forms pale pink, rosette-like aggregates up to 2-3 cm in length on
the walls of an old mining gallery at horizon +958 m, intimately associated with rozenite. The jokokuite
crystals have vitreous luster, no cleavage and are easily soluble in water. The average cell parameters
obtained on the basis of 29 powder reflections are a = 6.38(2)Å, b = 10.70(1)Å, c = 6.22(2)Å, α =
97.619(5)°, β = 110.493(8)°, γ = 75.88(9)°. The c cell parameter is smaller than that reported value in
the ICDD file 31-836, which may reflect the substitution of Mn2+ with Fe2+.
Apjohnite - Mn2+Al2(SO4)4·22H2O. Found in several samples collected from either floor or walls
of old adits. It forms white to yellowish brown or greenish crusts or fibrous and needle-like crystals
(up to few centimeters). The unit cell of a representative sample (#1538) as refined by least squares of
48 reflections were found to be a = 6.266(5)Å, b = 24.502(2)Å, c = 21.281(3)Å, and β = 98.692(8)°.
In sample #1541 it appears associated with pickeringite.
Alunogen - Al2(SO4)3·17H2O appears in association with pickeringite as efflorescences on
dietrichite botryoidal aggregates. The prismatic crystals of alunogen are up to 2 mm in length and are
extremely thin (<0.5 mm). Up to now, this mineral was mentioned to occur only as efflorescences on
metamorphic or igneous rocks (Rădulescu & Dimitrescu, 1966).
Dietrichite - (Zn,Fe2+,Mn2+)Al2(SO4)4·22H2O forms tufted aggregates of acicular crystals and
efflorescences along galleries’ ceiling. The color is dirty yellow or sometimes greenish. The type locality
for this mineral is Baia Sprie (Maramureş, Romania) whereas Roşia Montană represents its second
occurrence in Romania.
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Halotrichite - Fe2+Al2(SO4)4·22H2O was observed as yellowish-brown mammillary aggregates
with vitreous luster. It was also found as hair-like efflorescences.
Kalinite - KAl(SO4)2·11H2O is rather abundant in the gallery we investigated and appears as
delicate, tiny fibers overlying halotrichite aggregates. Crystals are translucent and if removed from
the gallery environment will decompose within minutes into a white milky powder.
Melanterite - Fe2+SO4·7H2O forms colorless to translucent, sometimes slightly green fibrous
aggregates (up to 4 cm) having vitreous luster. Upon exposure to dry air crystals become whiteyellowish and opaque.
Pickeringite - MgAl2(SO4)4·22H2O was first identified in Romania in Diana Cave, Băile
Herculane (Diaconu & Medeşan, 1973). In our investigated occurrence at Roşia Montană the mineral
forms shining white to silky thin crystals (3-5 mm in length) covering apjohnite crusts.
Rozenite - Fe2+SO4·5H2O is the main component of the rosette-like aggregates found on the
ceiling of abandoned adits of the gold deposit at Roşia Montană. The white or colorless fibrous
aggregates of rozenite form directly on highly weathered dacites and can reach 3 to 5 cm in length.
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AN UNUSUAL OCCURRENCE OF BERLINITE (AlPO4) IN THE PHOSPHATE-BEARING
SEDIMENTS FROM THE CIOCLOVINA CAVE, ROMANIA
Bogdan P. Onac43, William B. White44

This paper reports the first worldwide reported occurrence of berlinite (AlPO4) formed
entirely under sedimentary conditions. Berlinite appears as grayish or colorless fine crystals in
vacuoles and along cracks in heavily compacted, phosphate-rich sediments within the Cioclovina
Cave, Romania. The X-ray powder diffraction pattern and the hexagonal unit-cell of the Cioclovina
berlinite specimen compare well with other published determinations. The lattice parameters are a
= 4.94(4), c = 10.87(1) Å, V = 230.1(3) Å3. Microprobe analyses confirmed a nearly ideal formula for
berlinite. In situ guano combustion is responsible for the transformation of taranakite and for the
dehydration of variscite into berlinite. Berlinite was successfully synthesized from these two
minerals at atmospheric pressure and temperatures ranging from 350° to 600°C.
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THE RELATIONSHIP BETWEEN THE MINERALIZATION OF BRECCIA PIPES AND
MINERAL COMPOSITION OF SPELEOTHEMS: EVIDENCES FROM THE
CORKSCREW CAVE, ARIZONA (USA)
Bogdan P. Onac45, William B. White46, Jack W. Hess47

Many hundreds of caves hosting breccia pipes are exposed in the massive Mississippian
Redwall limestone of the Grand Canyon. The majority of Grand Canyon caves developed during
late Mississippian time when the Redwall Formation was emerged. The circular breccia pipes
exposed on the cave ceilings are filled with pebbles and cobbles of sandstones, shales and
limestones of Paleozoic age (Surprise Canyon Formation), cemented in a carbonatic matrix (Wenrich
& Sutphin, 1994). Both clasts and matrix suffered an extensive dolomitization (Wenrich, 1985),
being a source of Mg for several minerals deposited in a later stage within the cave. The breccias
occurring within this sector of Grand Canyon were mineralized with uraninite, but associated with it
are a suite of elements (e.g. As, Mo, V, Ba, Cu, Pb, Fe etc.) that form other ore minerals.
Chemical and mineralogical characterization of the samples was undertaken by X-ray
powder diffraction (XRD), X-ray analytical system attached to a scanning electron microscope
(SEM-EDAX), electron-microprobe analyses (EMPA), as well as sulfur stable isotope analyses.
Morphological observations were undertaken using an optical microscope.
The abundance of gypsum and barite throughout the cave and their isotopically light sulfur
isotope composition suggests deposition from hydrothermal sulfuric acid solutions that were also
responsible, at least in part, for development of the recent cave passages that dissect older karst
breccia bodies. Solution, remobilization and redeposition of some of the ore-related elements have
produced a noteworthy assemblage of secondary minerals (i.e., hörnesite, talmessite, carnotite,
claudetite, and powellite) that mirrors breccia pipes mineralization. The presence of quartz, calcite,
and hörnesite ± gold in some of the speleothems is considered indicative for a late, lowtemperature hydrothermal episode in the cave minerals deposition history. The speleothems in the
Corkscrew Cave are diverse in mineralogy, morphology and paragenesis. Mineral deposition
varied in both time and space.
Based on the cave morphology and on its assemblage of secondary minerals found in the
composition of various types of speleothems, the following events in the cave development and
mineral deposition therein were deciphered: (1) Early cave development stage, (2) Formation and
mineralization of karst breccia pipes, (3) Reactivation of cave by sulfuric acid speleogenesis, (4)
Solution-mobilization-reprecipitation of secondary ore-derived minerals, and (5) Precipitation of
minerals under vadose cave conditions.
The mineralogy of speleothems reflects the geochemistry of the groundwater as well as the
pH-Eh of the depositional environment. Redox-sensitive elements such as As, Mo, and V are
soluble along with U6+ in oxidized groundwaters (Drever, 1997); all these elements have been
leached from the mineralized breccia pipe, and then transported at short distances by neutral to
alkaline, oxidized low-temperature hydrothermal solutions until a redox interface caused their
redeposition. Such a redox interface might have been created by either rich organic matter or
presence of disseminated pyrite in the limestone bedrock.
Analyzing the relationship between the various minerals forming the coralloids one can
understand they can only form under some very specific conditions. These particular settings need
be met only in a microenvironment, such as a capillary film at the speleothem surface, close to the
breccia pipe body and not anywhere else throughout the main cave passages. Apart for carnotite,
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none of the other ore-related minerals described in this paper were cited by Hill & Forti (1997) in
their Cave Minerals of the World book, nor were they identified in any other cave worldwide ever
since.
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CUBIC CoTe2: SYNTHESIS, STRUCTURE DETERMINATION AND REFLECTED LIGHT
INVESTIGATIONS
Franz Pertlik481

Summary. Single crystals of CoTe2 were synthesized under hydrothermal conditions at
o
250 C in concentrated aqueous NaOH solution from the elements cobalt and tellurium. The
crystal structure is a representative of structure type “pyrite”, proved by single crystal X-ray
work. The reflectance spectra of CoTe2 were measured with polarized light within the range
from 400 to 800 nm, in air and in oil. The comparison of these data with that of the isotypic
compounds CoSe2 (trogtalite) and CoS2 (cattierite) shows an increase of the reflectance
values correlated with the atomic number of the chalcogen atom. The colours change from
light cream-brown (CoS2) to light pink-brown (CoSe2) to white (CoTe2) and depend on a shift
of the reflectance minimum from ~ 520 nm (CoS2) to ~ 630 nm (CoTe2).

Introduction
Investigations within the system Co-Te at temperatures >700oC, pressure one bar, gave no
evidence for the existence of the phase CoTe2 with pyrite type structure (Tengnér, 1938; Haraldsen et
al., 1956). On the other hand Bither et al. (1968) reported on the synthesis and electrical data of
cubic CoTe2. This compound crystallizes at 65 kilobars and 1200o C. Recent investigations within
parts of the system Co-Te-NaOH under hydrothermal conditions now also revealed crystals of
CoTe2 in this cubic modification. For comparison with the compounds CoS2 and CoSe2 (cubic
modifications) the reflectance values, visible part of the spectrum, were measured. In is worth
mentioning, that no reflectance data were reported for pyrite type tellurides until now.

Experimental
Synthesis: Crystals of CoTe2 were synthesized by hydrothermal treatment of a mixture of
each of one gram native cobalt and tellurium in a Teflon lined reactor. The remaining volume of the
reactor (total volume ~ 6 cm3) was filled up to 80 % with at room temperature concentrated NaOH
solution. After a heating period of one month at 500(10) K single crystals of CoTe2 up to a diameter
of 0.5 mm were maintained. CoTe2 forms metallic gray octahedra with no pronounced cleavage.
The crystal class and the space group of CoTe2 were proved by single crystal X-ray work, the
homogeneity and the stoichiometry by electron microprobe analyses.
X-Ray crystallography: Table 1 presents crystal data, details about intensity measurements,
about the structure investigation of CoTe2 by X-ray work and the final structural parameters. The lattice
parameters were calculated from 36 accurate measured 2Θ angles. The collected intensities were
corrected for absorption according to crystal size and shape, as well as for Lorentz and polarization
effects. The atomic coordinates, given for the isotypic compound FeS2 (pyrite, Brostigen & Kjekshus,
1969) were used in the first stage of parameter refinement by least squares techniques. Complex
scattering functions for neutral atoms were taken from the INTERNATIONAL TABLES (1974).

48

Institut für Mineralogie und Kristallographie der Universität Wien. Geozentrum, Althanstraße 14, A-1090 Wien,
Austria. E-mail: <franz.pertlik@univie.ac.at>.

Studia Universitatis Babeş-Bolyai Cluj-Napoca, Seria Geologia, Special Issue, 2003

Table 1.
Crystal data, details of intensity measurements and structure refinements of CoTe2
(e.s.d.’s in parentheses)
a = 6.3233(2) Å
Z=4
3
V = 252.832 Å
Space group: Pa-3; (No. 205)
Measured reflections: 1380 (h, ±k, ±l)
Unique reflections: 447
Reflections with Fo > 3 σ Fo: 439
-2
R value/Rw value; W=[σ Fo] : 0.023/0.028
Variable parameters: 7
Stoe AED2four circle diffractometer, Mo X-ray tube, graphite monochromator.
Atomic coordinates and anisotropic displacement parameters.
2 Co on 4(a) U11 = 0.0051(2)
8 Te on 8(c) x/a = 0.36809(3)
U12 = 0.0001(1)
U11 = 0.0049(1)
U12 = 0.0003(1)
Interatomic distances in Å.
Co – Te = 2.6113(4); 6x

Te – Co = 2.6113(4); 3x
Te – Te = 2.8916(4); 1x

Reflectance measurements: The CoTe2 sample was ground with 7 µm SiC abracive on
glass. Polishing was performed with 6 µm diamond paste on nylon polishing cloth and with 1 µm
and 0.25 µm diamond pastes on “microcloth” polishing cloth (BUEHLER Ltd.) by hand. The
reflectance measurements were performed with linearly polarized light with microscope “Leitz
Orthoplan Pol” (using planachromates 20x/0.40, effective N.A. 0.20) and a microscope photometer
(photomultiplier S20, type EMI 9558). The diameter of the circular measuring field was 0.05 mm.
The reflectance standards used were (W, Ti)C resp. SiC. The reflectance values were measured
from 400 to 800 nm in steps of 20 nm in air and in oil immension (DIN 58884; n = 1.518 at 589 nm)
using a Leitz monochromator (∆λ = 7 nm). The reflectance values for CoTe2 in air and in oil, listed
in Table 2, are further represented in graphs (Fig. 1) in comparison with the values for CoSe2 given
by Picot & Johan (1982) resp. CoS2 given by Demirsoy (1969). The index of refraction n, the
absorption coefficient k and the absorption index k have been calculated from the reflectance
values in air and in oil according to the formula given by Koenigsberger (1914). The result of these
calculations is expressed in three graphs shown in Fig. 2.
Table 2.
Reflectance values for CoTe2 in the range from 400 to 800 nm together with the values at standard
im
wavelengths (IMA/COM standard) in air (R) and in oil immersion ( R, DIN 58884) in %.
λ(nm)
400
420
440
460
480
500
520
540
560

R
51.9
51.8
51.7
51.5
51.3
51.0
50.7
50.3
50.0

im

R
39.8
39.7
39.5
39.3
38.8
38.2
37.6
37.0
36.7

λ(nm)
580
600
620
640
660
680
700
720
740

R
49.7
49.5
49.4
49.5
47.7
50.4
50.8
51.5
52.2

im

R
36.5
36.6
36.9
37.6
38.6
39.3
39.8
40.2
40.5

λ(nm
760
780
800

)R
52.7
53.1
53.4

im

470
546
589
650

51.4
50.1
49.6
49.6

39.0
36.8
36.5
38.0

R
40.8
40.9
50.0
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Fig. 1: Spectral reflectance curves of CoTe2 in
air and in oil immersion (n = 1.518 at 589 nm).
In addition to the reflectance curves for CoSe2
(Picot & Johan, 1982, with no references to the
origin of the sample) as well as the curve for
CoS2 (Demirsoy, 1969) for synthetic crystals are
drawn.

Fig. 2: Graph of the index of refraction n, of
the absorption coefficient k, and of the
absorption index к (kappa) for CoTe2
calculated from reflectance values in air and in oil
(visible part of the spectrum).

Discussion
The curve of the reflectance values for CoTe2 shows a minimum at about 630 nm.
Therefore, a higher reflectivity at the blue-end of the visible spectrum is responsible for the white
colour of CeTe2. In the same way, as the minimum of reflectance shifts from CoTe2 (~ 630 nm) to
CoS2 (~ 520 nm) the higher reflectivity shifts to the red-end of the visible spectrum. Therefore, the
colours of CoSe2 are light pink-brown and that of CoS2 light cream-brown (acc. to Picot & Johan,
1982). Marked variations in reflectivity with anion composition are commonly observed in
isostructural compounds and minerals of different metals with sulfur, selenium and tellurium. Such
variations may be explained by the increased covalent character and electron delocalisation of the
metal-chalcogen bond with rising atomic number in the series S-Se-Te (Burns & Vaughan, 1970).
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SOURCE REGIONS OF THE MELT AND FLUID PHASES IN THE PORPHYRY
Cu-Au-Mo DEPOSITS AND OTHER VOLCANIC STRUCTURES FROM ALPINE
CARPATHIAN CHAIN (ROMANIA)
Ioan Pintea49

The aim of the study focuses on several fundamental questions regarding the melt and fluid
inclusion studies in the magmatic-hydrothermal environments from the Alpine volcanic area of the
Carpathians in Romania. These will be addressed mainly in regard to the primary source regions of
saline and sulfide-rich silicate melts and supercritical aqueous fluids, based upon the author’s data
interpretations (i.g. Pintea, 1993,1997, 2000, 2002 and unpublished data).
1. Melt and fluid inclusions from the inner part of the porphyry copper deposits were
segregated phases exolved during the emplacement of a shallow subvolcanic body, which hosts
the main part of the potassic and ore zone. Alternatively, they were transported in a flushing
system and injected in the solid country rocks.
2. During the complex evolution of a stratovolcano there is some mafic magmatic input,
which periodically supplies sulfur as well as siderophile and calcophile elements. Our petrographic
and microthermometric data show evidence that the melt and fluid inclusions originated from
deeper mafic magmas and mixed with felsic melts in intermediate magma chamber(s) in several
stratovolcanoes.
Finally, it is shown that the silicate melts and supercritical aqueous fluids, segregated from
shallow felsic magma chamber(s), remain the most important sources of metals transported by
various ligands as chloride - complexes, sulphates etc, mainly in the porphyry copper and epithermal
ore deposits. Nevertheless the evolved sulfide-rich melt coming from a deeper mafic magma had
enriched substantially the former ore deposits in several late tectono-magmatic events.
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TEXTURAL FEATURES AND MELT INCLUSION TYPES IN ANDESITES AND BASALTIC
ANDESITES FROM THE EASTERN CARPATHIANS (CĂLIMANI – GURGHIU – HARGHITA
MTS.), ROMANIA
50

51

Ioan Pintea , Emilia Mosonyi , Zoltan Bardocz

2

Oscillatory or discontinuous zoned and sieved plagioclase, resorbed pyroxene and
amphibole are important features of the magmatic minerals in volcanic environments. They are
related mainly to magma mixing processes and can be successfully used to understand better
magma dynamic history in shallow and intermediate magma chambers. Generally, the mafic melt
mixes with felsic magmas before or during volcanic eruptions and the final products cover a large
spectrum of petrographic types from andesitic to basaltic ones (e.g. Stimac & Pearce, 1992;
Hattori, 1993; Kuritani, 2001).
The external zones of the plagioclase phenocrysts show equilibrium either disequilibrium
between melt and the magmatic crystals. Thus, the same content of anorthite was observed in the
overgrowth zone of all size groups of plagioclase phenocrysts in equilibrium conditions. On the
other hand, at disequilibrium, the border of the resorbed plagioclase consisted of several distinct
crystallizing centers.
The main types of the melt inclusions found both, in plagioclase and mafic minerals, are
silicate melt inclusions (now glass or recrystallized glass) and globular sulphide melt inclusions as
zoned and not-zoned primary cavities. Frequently, a supercritical aqueous fluid phase as vaporrich inclusions (+/- solids) also occurs. The melt and the vapor-rich inclusions were formed as a
result of interaction between phenocrysts and sulfur-undersaturated silicate magma during mixing
in intermediate magma chambers at ca. 870-1200oC and 1-2 kb, and equilibrium P-T conditions,
respectively.
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FLUID INCLUSIONS IN SALT (TRANSYLVANIAN BASIN, ROMANIA)
Vasile Pomârleanu52, Ioan Mârza53

The paper presents general morphological aspects of salt crystals, as well as data of fluid
inclusions from the Ocna Dej and Slănic Prahova salt deposits.
The salt horizon from Ocna Dej is situated above the Dej volcanic tuff. Chronostratigraphically
it belongs to Badenian, to the NN5 zone (Mésároş, Mârza, 1991) or to the NN6 zone (Chira, 2000).
The salt level from the Slănic synclinal (Prahova county) overlaps the Piatra Verde Tuff.
Stratigraphically, both, the volcanic tuff and the salt correspond to the Dej Tuff and to the
Badenian salt horizon from Transylvania respectively.
The formation of salt deposits results from successive stages of a specific process taking
place at the surface of the salt saturated water in marine basins. Similar processes occur in
addition in underground water at various depths as well as at the sediment/water interface.
“Hopper crystals” represent specific crystal growth features, respectively a cubic crystal of
salt, in which the faces of the cube have grown more at the edges than in the center, forming as a
consequence after several growth steps a pyramidal outline. The genesis of “hopper crystals” is
explained by the formation of a fine-grained film of salt at the water surface, due to evaporation and
to a continuous increasing solution density. With the procedure of growth of the incipient crystal
develops a submerging trend; still the crystals remain at the water surface for a relatively long time,
due to the surface tension of the solution. Because one of the crystal faces is in permanent contact
with the high concentration and density solution, the crystal growth proceeds vertically.
The salt crystals reach up to 1-2 cm in length (Pl. I, Fig. 1-5). These crystals join each other
along small areas, generating crystal aggregates that float at the water surface. If the water
surface is hydromechanically disturbed (waves, water currents etc.), the salt aggregates are fragmented
and may sink as independent crystalline bodies. The occurrence and high frequency of “hopper
crystals” indicate a deposition of the salt under calm hydrodynamic conditions. By contrast, their
fragmentation before reaching the mature stage suggests an agitated hydrodynamic environment
(Pomârleanu & Neagu, 2003).
Hopper halite crystals were noticed in both deposits, in Ocna Dej, and in Slănic Prahova.
The habit of the crystals is outlined by the presence of abundant fluid and solid inclusions (Pl. II;
Fig. 1, 2), which underwent some necking down processes (Pl. II; Fig. 3).
A second stage of primary growth of halite crystals takes place at the bottom of a marine
basin. The submerged crystals lying at the water/sediment (mud) interface or at various depths
within the mud continue to grow. Such a process was observed in NaCl-supersaturated water of
the Pata Rât lake, in the neighborhood of Someşeni (Cluj district). At the bottom of this lake – rich
in sapropelic mud, numerous “hopper crystals” were identified; some were isolated, others form
aggregates. Under these circumstances, a “competitive” crystal growth takes place. As a consequence,
layers of salt may form at the bottom of the basin at the final stage of crystallization (Pl. I; Figs. 2, 3).
During the diagenesis, the original salt morphology may be dissolved as a result of the
influence of an undersaturated marine water flux, or of meteoric/surface waters. The dissolution
starts along the contacts between the crystals and gradually forms cavities within the crystals.
Sometimes the dissolution of primary salt evolves in such an advanced manner, that the core of
the recrystallized halite (secondary halite; Pl. I; Fig. 4) preserves only very small relics of the
original morphology (Pl. II, Fig. 1). The recrystallized, translucent salt contains elongated,
monophasic and biphasic fluid inclusions (Pl. I; Fig. 5).
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In these salt crystals fluid inclusions were studied. The measured values of homogenization
(th) and decrepitation (td) temperatures vary between 80 and 220°C. A significant number of inclusions
decrepitated before reaching the complete homogenization. Experimental work (Pomârleanu &
Neagu, 2003) showed that if a large amount of halite crystals underwent plastic deformation within
the salt deposit, they were not anymore suitable for geothermometric investigations. Furthermore,
a partial loss of the fluid inclusions content occurred during heating, due to the remarkable
plasticity of salt and probably to the presence of cryptofractures. During the study of fluid inclusions
some general aspects were noticed: gaseous inclusions were predominant in the halite crystals
from the Slănic Prahova deposit, whereas liquid inclusions prevailed in the Ocna Dej deposit (Pl. II;
Figs. 5 and 6). The pH of the solutions probably ranges the values of 3 – 6 (acidic to almost
neutral), similar with the values mentioned in other salt deposits by Roedder (1984)
The geothermometric data as well as the chemical composition of the fluid-gaseous
inclusions in salt deposits (primary salt in particular) may be used as an important tool in evaluating
the environment and source of formation of the major masses of halide rocks in paleomarine and
lacustrine basins, i.e. exogene vs. hypogene (volcanic).
The present paper is an argument for the importance of further geothermometric studies of
the fluid inclusions in salt deposits located in the three main regions with salt deposits in Romania
(Transylvania, Maramureş and pre-Carpathian area), taking into account that recent trends in this
field of research focus on the migration of inclusions according to the variation of thermal gradients.
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PLATE I.

Plate.1. Hopper halite crystals from Ocna Dej. 1-4: different aspects of the Hopper crystals from the
Ocna Dej salt deposit. 5 – Monophasic and biphasic inclusions in halite crystal.
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PLATE II.

Plate II. Fluid inclusions in halite crystals. Monophasic (1) and biphasic (2) inclusions in the Ocna Dej salt. The
necking down phenomenon (3). Multi-phase inclusions from Slanic Prahovaprimary salt surrounded by
recristalized one with fluid inclusions containing volatile elements (4, 5, 6).
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XRD INVESTIGATION OF THE CLAY FRACTION
IN SOME ROMANIAN ZEOLITIC VOLCANIC TUFFS AND DIATOMITES
Dana Pop54, Ioan Bedelean55, Horea Bedelean56 (

Introduction
Between 1998-2000, the most representative occurrences of zeolitic volcanic tuffs and
diatomites from Romania were studied in the view of their possible usage for building materials
with improved mechanical and insulating properties, in the frame of an EC funded INCOCOPERNICUS project. The clay fraction (< 2 microns) represents a relatively small amount in the
whole rock mass; still, its mineralogy may provide clues for understanding the environment of
formation, and could be used as a criterion for correlating various horizons and outcrops. On the
other hand, the presence of certain clay species even in small amounts may influence the behavior
of the raw materials in applications like production of blended cement and concrete, or synthesis of
wollastonite or diopside.
Materials and methods
Five samples of zeolitic tuffs, from Slănic (Prahova distr.), Bârsana (Maramureş distr.),
Mirşid (Sălaj distr.), Petreştii de Jos, (Cluj distr.), and Pâglişa (Cluj distr.) – the last three representing
the same Dej Tuff Horizon, two samples of diatomite from Filia (Covasna distr.), and Adamclisi
(Constanţa distr.) and additionally one sample consisting of a green clayey material filling voids in
the tuff from Pâglişa were separated into the >2 microns and <2 microns fractions, by using the
classical sedimentation method. The < 2 microns fractions were submitted to a standardized
physical-chemical procedure established at the Clay minerals Laboratory of the Geological Survey
of Denmark (GEUS), Copenhagen. The chemical procedure consisted of Mg2+- and K+- saturation
by using 1M chloride solutions. From each fraction, four distinctive specimens were prepared as
oriented films: K+-saturated, air dry; K+-saturated, heated at 300 oC for one hour; Mg2+-saturated, air
dry, and Mg2+-saturated, solvated with glycerol. The measurements were performed on two types of
Phillips goniometers: 1050, and PW 3040 respectively, both using Co-Kα radiation and β-filter.
Results and discussion
In all the studied zeolitic volcanic tuffs, the clay minerals are mainly represented by
smectite and/or illite. The samples from Bârsana and Slănic are characterized by the presence of
illite, which in the first case is better crystallized. Accordingly, the green colour of these tuff levels is
probably due to a Fe-rich illite-type phase. The samples representing the Dej Tuff Horizon (Mirşid,
Petreştii de Jos, and Pâglişa) show heterogeneous clay compositions: at Mirşid smectite is the
main phase, while at Petreştii de Jos and Pâglişa both illite and smectite are present. In almost all
the samples (except for Petreştii de Jos), a prominent peak around 11°50’ (2θ) was noticed, which
was attributed to clinoptilolite (020). A smectite-type phase is dominant in the green material
consisting the infillings in the tuff from Pâglişa.
The clay mineral association in the diatomite samples is clearly distinctive. The diatomite
from Filia contains poorly crystallized smectite, illite and kaolinite, while that from Adamclisi is
dominated by smectite, illite being present in small amounts.
At this stage of the interpretation, the following can be stated:
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1. The “classical” procedure of separation of the < 2 microns fraction does not prevent the
presence of non-clay minerals, especially zeolites (clinoptilolite). Therefore, the separation of the <
0.2 microns fraction is recommended;
2. The studied zeolitic tuffs are dominated by the presence of smectite and/or illite in the clay
fraction;
3. The same tuff level can show distinctive clay mineralogy in different occurrences, probably
as a result of the specific local detrital supply or alteration processes;
4. Distinctive mineral phases (smectite-type vs. illite-type) could be responsible for the green
color of some zeolitic tuffs;
5. The diatomites show a heterogeneous clay mineral composition, according to the specific
conditions of formation.
This work was financed by the INCO-COPERNICUS 15CT96-0712 project.
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THE WEBSITE OF THE MINERALOGICAL MUSEUM, BABEŞ-BOLYAI UNIVERSITY,
CLUJ-NAPOCA, ROMANIA
Dana Pop57, Cosmin Stremţan58

Current status of the Romanian Natural Sciences museums websites
Among the 700 records in the on-line national database of Museums and Collections in
Romania, set up by the Institute for Cultural Memory (CIMEC) (http://www.cimec.ro/, last update
February 2003), there are 75 institutions belonging to the Natural Sciences profile. Fourteen of
them include mineralogy and/or geology collections, and three represent mineralogical museums
proper (Museum of Mineralogy, Baia Mare; Gold Museum, Brad; "Constantin Gruescu" Iron
Aesthetic Mineralogy Museum, Ocna de Fier). The list is not exhaustive, for example most of the
academic collections, such as the Mineralogical Museum of the Babeş-Bolyai University, are
missing.
Based on a general Internet search, it can be stated that currently only a few Romanian
Natural Sciences museums have their own website. Among those hosting mineral collections, one
can mention: "Grigore Antipa" Natural History Museum from Bucharest, Museum of Oltenia
(including the Department of Natural Sciences) from Craiova; “Iron Gates" Region Museum
(including the Department of Natural Sciences) from Drobeta Turnu Severin; Prahova County
Natural Sciences Museum from Ploieşti, Bruckenthal Museum of Natural History from Sibiu, and
Museum of Banat (including the Department of Natural Sciences) from Timişoara. Currently, the only
website of a mineralogical museum is that of the Museum of Mineralogy from Baia Mare
(http://www.sintec.ro/muzeu/muzeu1.html).
It is self evident that there is still much to be done for increasing public knowledge,
awareness and interest on this type of museums. A website is definitely an up-to-date, attractive,
efficient and not expensive tool.
The website of the Mineralogical Museum, Babeş-Bolyai University in Cluj-Napoca
(MMBBU)
The MMBBU is the largest and most complete mineralogical museum in Transylvania,
hosting about 16,500 mineral specimens from Romania and abroad, illustrating more than 800
mineral species. Starting with the autumn of 2003, the MMBBU have introduced its own website, in
both Romanian and English versions. The website was designed to cover the main fields of activity
of the Museum, as well as the presumable interests of various categories of visitors (especially
pupils of ages between 10-18, and professionals from Romania and from abroad). The website has
the following structure: Homepage, About us, Location, Permanent exhibitions & collections,
Temporary exhibitions, What’s new (New acquisitions), Exchanges & Donations, Education, Visitor
information, Favorite links, Photo gallery. It also provides a quick search engine and a virtual
visitor’s counter. Details on the content of some of the sections are given below.
The permanent exhibitions and collections (12 in number) are briefly presented as text and
images (general views, or individual specimens). On a national basis, some of them have a special
value: the only meteorite collection, the second largest gold collection, one of the finest cut
gemstone collection, the most complete Romanian gemstones collection.
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A relatively new initiative, i.e. setting up temporary exhibitions, is hoped to highlight some
topics of general interest, such as “Minerals and the human health” (currently on display). The
virtual visitors are invited to make their suggestions concerning further topics.
The “What’s new” section provides a list of the acquisitions in the previous year, as a
renewed invitation for previous visitors, but also as information for professionals on the museum’s
offer of hosting scientifically valuable mineral specimens (type specimens, rare species).
Exchanges and donations are the main procedures providing new samples for the
Museum. Some information on the Museum’s policy regarding donations, lists of specimens from
Romania and abroad offered for exchanges and categories of minerals that are of interest for the
Museum are included in this section.
Education in the Museum is one of the main goals of the MMBBU. According to the target
group, several recent projects have been developed. They are included in an electronic form: Quiztest on Physical properties of minerals (for students), Top-10 of the MMBBU specimens (for high
school pupils), and Treasure search (for primary and secondary school pupils).
The Photo gallery consists of 55 spectacular images of mineral specimens from the
MMBBU collections, which can be searched by mineral name, and occurrence.
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PYROXENITE – MARBLE INTERACTION, A PETROGENETIC GRID AND A WORKING
EXAMPLE FROM THE INĂU CRYSTALLINE ISLAND, MARAMUREŞ, ROMANIA
Daniel M. Radu59

An exotic occurrence of a pyroxenite
xenolith, hosted by dolomitic marbles is located in
the Inău crystalline massif, Maramureş (Fig. 1). The
interaction pyroxenite-marble at different PT has
not yet been considered by the geological literature.
Petrogenetic grids for ultramafic rocks were
presented by Will et al. (1990), Schmaedicke,
Okrusch (1997), Schmaedicke (2000). The most
appropriate system (CaO-MgO-SiO2-H2O-CO2) was
considered by Spear (1993).
The mineralogical assemblages of the
pyroxenite xenolith, the host rock and interaction
zones are presented in the table 1.

Figure 1. Geological map of Inău and Preluca
crystalline massifs with the location of the
pyroxenite xenolith.
Table 1.
The mineralogical assemblages of the pyroxenite xenolith, the host rock and interaction zones.
Nucleus (xenolith)
Pyroxenite
enstatite, forsterite,
chromite, pentlandite

Intermediate zone
Reaction skarn
clinoenstatite, forsterite, chromite,
pentlandite;
antigorite, talc, chlorite,
anthophyllite, tremolite, dolomite

External zone
Reaction skarn

Host rock

talc, antigorite, dolomite

dolomite

Considering the mineralogical assemblages presented above, and the ratio MgO/FeO = 5.14 of
the pyroxenite, the system CaO-MgO-SiO2-H2O-CO2 (CMSH-CO2) will be a good approximation of the
geological reality. The end-members that are used to calculate the petrogenetic grid are as follows:
calcite, dolomite; forsterite, enstatite, diopside; anthophyllite, tremolite; antigorite, talc, chlorite; quartz;
H2O, CO2. The Thermocalc 3.1 software (Holland & Powell, 2001) using the internally consistent
thermodynamic database of Holland & Powell (1998) was used to calculate a petrogenetic grid for the
system CMSH-CO2, with a fluid composition of XH2O = 0.95 and XCO2 = 0.05 (Fig. 2).
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Fig. 2. Petrogenetic grid for the system CMSH-CO2. Aluminium silicates are presented only for reference.
Two possible paths, (a) and (b) were considered, according to the evolution deduced from aluminosilicates
assemblages (micaschists, gneisses, amphibolites) of Preluca massif. The star represent calculated PT for
initial pyroxenite-marble interaction.

Often, when the carbonates are in excess, the partial pressure of CO2 is higher than 0.05. T- CO2
diagrams were calculated for pressures of 5, 10 and 15 kbars (Fig. 3) that represent a good guide to
characterize the fluid composition. Most of the mineral assemblages are stable at temperatures of 50 to
100ºC, lower in the presence of a fluid mixture H2O + CO2 relatively to a pure water fluid.
The microprobe analyses on enstatite, forsterite, talc, tremolite, anthophyllite, and chlorite
were used to extract the maximum PT for the initial pyroxenite mineral assemblage. For XCO2 =
0.10; 0.15; 0.20, the calculated PT values are: 13.2-708; 11.8-703; 10.9-698 (kbars - ºC); these are
similar to the maximum PT calculated by Radu (2003) for the Preluca massif, using mineral
assemblages from micaschists, gneisses and amphibolites.
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Fig. 3. T-CO2 diagrams for the system CMSH-CO2. (a) Pfluid = 5.0 kbars. (b) Pfluid = 10 kbars.
Invariant points with the symbols as in figure 2.
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Fig. 3. (continued) (c) Pfluid = 15 kbars.

We assume that the pyroxenite xenolith represents a fragment from the lower crust/upper
mantle, reacting with the dolomitic marble when the uplift episode of the Inău crystalline massif
started. The presence of anthophyllite suggests a short metamorphic episode near the univariant
curve kyanite-sillimanite at T > 600ºC. This is confirmed by the rare presence of sillimanite in the
mineral assemblages from Preluca micaschists and gneisses.
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THE GEOCHEMISTRY OF APATITE FROM RĂZOARE PEGMATITES (ROMANIA)
Smaranda Rădăşanu60, Titus Murariu1, Uwe H. Kasper 61, Thorbjorn Schoenbeck2

Introduction
The pegmatites from Răzoare are located in gneisses from Răzoare Formation, one of the
four metamorphic formations which were distinguished in the Preluca Mountains by Rusu et al.
(1981) and Balintoni (1997). The Preluca Mountains represent one of the seven crystalline islands
located in NW Transilvania. The metamorphic rocks, which build up these mountains, belong to
Baia de Aries group (Rusu et al., 1981; Balintoni, 1997).
Along the massif, the metamorphic grade decreases from SE towards NW and varies from
sillimanite to biotite zones of the amphibolite facies. The first metamorphic event (M1) generated
staurolite and kyanite as index minerals, and the second one yielded sillimanite. The second
metamorphic event (M2) acted only upon the Răzoare Formation. The P-T calculations (Radu, 1997)
show that the metamorphic peak corresponds to 5300-6000C temperature and 6-8 kbar pressure.
The presence of kyanite in some micaschists indicates that P-T conditions were above the kyanitesillimanite invariant curve and they fit the initial granitic migmatitic melting (Radu, 1997).
The pegmatite emplacement is connected to M2 event (Balintoni, 1997; Radu, 1997).
Generally, the pegmatites have a granite composition and consist of quartz, feldspars and muscovite
as rock-forming minerals and of biotite, tourmaline, garnet, apatite and zircon as accessory minerals. At
Răzoare, the pegmatites are enriched in accessory minerals comparative with the pegmatites found
in the other three formations.
The apatite is found as large green prismatic crystals (up to about 3 cm in length) or
rounded grains associated with feldspars (albite prevailing over K-feldspar), garnet and quartz or,
as disseminated crystals among albite, perthite, quartz, tourmaline and garnet, when it can be
observed only in thin sections.
This paper deals with the geochemical features of apatite from the Răzoare. Previous
researches carried out by Macovei & Pomârleanu (1980) and Mârza et al. (1986) using IR and XR
spectra stated that fluorine-apatite is the main component of apatite from the Răzoare pegmatites.
So far, a comprehensive geochemical study regarding major and trace components of the apatite
from the Răzoare pegmatite has not been performed. The available data are qualitative and show
that this mineral concentrates same trace elements such as Mn, Fe, Mg, Al, Cu, La, Sm, Eu, Dy
(Mârza et al., 1986) or (UO2)2- (Macovei & Pomârleanu, 1980).
Analytical methods
The major components of seven apatite samples from Răzoare pegmatites were analyzed
using XRF and EMP methods. The trace elements were determined for three apatite samples using
ICP-MS method.
XRF analyses were performed with a Philips PW2400 X-ray spectrometer, using the analytical
procedure "oxiquant". Seventy-two natural rocks and clays were used to determine the calibration
curves of the pertinent elements.
EMP were carried out with a JEOL JXA-8900 instrument using operating current of 20 nA
and accelerating voltage of 20 kV. X-ray intensities of the alkalis, the minor (Ti and Mn) and the
major elements were counted for 5s, 40s, and 60s respectively. In order to minimize losses of Na
and K, the beam diameter was expanded to 10 mm. Components were standardized using natural
minerals, glasses of natural rocks and synthetic oxide compounds. The results were corrected using
the ZAF procedure (Reed, 1996).
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The trace elements, including all REE, were analysed by ICP-MS method (Perkin Elmer/Sciex
ELAN 6000 ICP-MS, quadrupole mass spectrometer). Measurements of element concentrations
were performed using as internal standards Ru-Re (10 ng/ml) to minimize drift effects and two
calibration solutions (high purity chemical reagents). A batch of 5 - 7 samples was bracketed by
two calibration procedures. Accuracy and precision of determinations were checked with certified
reference materials (CRM) (Govindaraju, 1994; Dulski, 2000).
All the analyses were performed at the Geological Institute of Köln University, Germany.
Geochemistry of apatite
The apatite can be described by the general formula A5(XO4)2Z (Piccoli & Candel, 2002).
The A-site accommodates large cations (e.g. Ca, Sr, Na, Mn2+, Fe2+, Mg, REE, Na, Pb) and comprises
two sites that exhibit VII-fold [Ca(2)] and IX-fold [Ca(1)] coordination (Hughes & Rakovan, 2002).
The X-site, primarily occupied by P5+ (as PO43-) exhibits IV-fold coordination and can accommodate
other small highly charged cations (e.g. Si4+, S6+, As5+, V5+). The Z site is occupied by the halogens
F- and Cl-, as well as OH-.
The results of EMP and XRF analyses of apatite from the Răzoare pegmatites are reported
in Table 1. Because the concentrations of F, Cl and H2O were not determined, the structural
formula was calculated on the basis of 12 oxygen cations. Thus, the deficit of the oxide sum is
related to undetermined volatiles and at the same time to the high level of concentration of some
elements, as ICP-MS data show (Table 2).
Table 1.
The composition of apatite from the Răzoare pegmatites.
Oxides(%)/Sample

Ap 9

Ap 14

Ap 1

Ap 2

Ap 3

P 2O 5

41.931

41.597

41.292

41.176

41.413

SiO2
Al2O3

0.022
-

-

TiO2

-

-

FeO

0.151

MgO
MnO

Ap 4

Ap 5

-

0.004

-

41.01
-

0.002

-

0.002

0.012

-

0.035

-

0.012

0.181

0.207

0.147

0.157

0.175

-

0.009

0.016

0.03

0.007

0.191
-

1.085

1.090

1.243

1.158

1.206

1.076

1.171

-

41.222
-

0.013

CaO

55.698

55.397

55.715

55.542

55.177

55.988

55.605

Na2O

0.106

0.080
-

0.154
-

0.128

0.032

0.182
-

0.095

K 2O

0.116
-

0.052

0.013

0.002

-

0.014

Cr2O3
Sum

0.02

0.005

0.005

0.005

99.077
98.403
98.673
98.133
98.126
Structural formula calculated on 12 oxygen atoms base

98.424

98.339

P

2.846

2.844

2.824

2.829

2.841

2.815

2.827

Si
Sum X site

0.002

0.000

0.000

0.000

0.000

0.000

0.000

2.847

2.844

2.824

2.829

2.841

2.815

2.827

Fe

0.010

0.012

0.014

0.010

0.011

0.013

0.012

Mg

0.000

0.001

0.002

0.004

0.001

0.000

0.002

Mn

0.074

0.075

0.085

0.080

0.083

0.074

0.080

Ca

4.784

4.793

4.822

4.829

4.790

4.863

4.826

Cr

0.003

0.001

0.000

0.000

0.001

0.000

0.000

0.029

0.013

0.015

0.024

0.020

4.952

4.935

4.900

4.975

4.940

0.016
0.018
Na
Sum A site
4.887
4.899
- concentration below the limit of detection.

From EMP and XRF analyses, the main components of apatite are Ca, P and Mn, followed
by Na and Fe. The concentration of MnO and FeO (table 1) fit in with the characteristic range of
these oxides in apatite from granite pegmatites associated with granites (0.05-7.9 % MnO; 0.012.67 % FeO; Piccoli & Candela, 2002).
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Generally, the concentration of Si does not attain the detection limit. As minor components,
Al and Ti are found in three samples, with Ti in higher concentration than Al.
The accommodation of Mn, Fe or Mg in Ca sites results from simple exchange, whereas
the substitution of Na for Ca requires other elements contribution in order to retain charge balance.
The structural formula of the investigated apatite shows that Cr exceeds Al. So far, the single
substitution mechanism proposed for the accommodation of Al in apatite is described by the
following relationship: NaAlCa-2 (Sha & Chappell, 1999).
Commonly, due to chemical composition and crystal chemistry, the apatite from granite
pegmatite is the main host for Y, REE, Th, and U.
The apatite from Răzoare pegmatites is enriched
Table 2.
in Sr, Y, REE, Th, U and Pb and depleted in Li, Rb, Cs,
Trace elements of apatite from
Nb, Ta (rare elements) (Table 2). The accommodation
Răzoare pegmatites
of Sr in apatite results from simple substitution for Ca in
Ca (2) site (Hughes et al., 1991a); in the investigated
-1
µg.g
Ap.X*
Ap.03
Ap.02
samples, strontium attains a high concentration level
Li
49.21
4.97
(table 2).
Rb
12.00
9.24
11.95
The REE and Y also occupy Ca site in apatite;
Cs
0.17
0.17
0.34
LREE prefer the Ca (2) site, whereas HREE and Y
prefer the Ca(2) (Hughes et al., 1991b). In order to
Sr
506
509
219
maintain the charge balance, the substitution of REE and
Y
1950
1565
1564
Y for Ca involves coupled substitutions as follows:
Zr
5.70
44.64
25.13
REESi(CaP)-1, REENaCa-2 (Ronsbo, 1989). In the
Nb
0.10
0.53
1.03
analyzed samples Si does not attain a significant
La
166.52
159.00
173.50
content in A-site. Therefore, the first substitution is
Ce
556.11
537.22
562.36
subordinated to the second one that also explains the
Pr
90.65
84.51
86.53
Na enrichment.
Nd
432.05
435.01
429.32
Among the rock-forming and accessory minerals,
Sm
178.87
181.95
172.22
apatite from Răzoare pegmatites is the main REE and Y
Eu
18.10
20.31
16.28
concentrator (table 2), being followed by garnet (49-287
Gd
277.44
227.73
220.82
µg.g-1 REE; 126-589 µg.g-1), feldspars (0.77-17.16 µg.g-1
Tb
49.52
50.11
48.29
REE; 0.3-1.2 µg.g-1), biotite (0.87-5.13 µg.g-1 REE; 0.1-2.5
µg.g-1 Y), tourmaline (3.63 µg.g-1 REE; 1.49 µg.g-1 Y) and
Dy
374.95
310.91
316.59
muscovite (0.60-7.15 µg.g-1 REE; 0.1-6.7 µg.g-1 Y)
Ho
68.29
58.30
59.05
(Rădăşanu, 2002).
Er
177.37
160.72
164.85
Despite the interest for the uranium in apatite,
Tm
25.11
23.99
24.86
the
basic
crystal chemistry of its structural substitution is
Yb
161.97
158.73
161.17
still
unknown.
The analyzed apatite is enriched in U
Lu
20.42
20.50
21.77
comparatively with Th; the maximum concentration level
Hf
5.11
5.88
8.28
of these trace elements is also found in apatite (Table
Ta
0.57
0.58
0.71
2). Low concentrations are detected for Zr, Hf, Nb and
Pb
90.00
96.12
53.63
Ta (Table 2). The ratios Zr/Hf (1.11-7.59) and Nb/Ta
Th
1.68
1.94
2.61
(0.22-1.44) are typical of apatite from granite pegmatites
U
113.45
104.51
103.31
(1.0-27.2 Zr/Hf, 0.2-2.2 Nb/Ta; Zhang & Liu, 2001),
which derived from a magmatic system. Thus, these
*Rădăşanu (2002)
ratios for apatite suggest that pegmatites from Răzoare
crystallized from a melt.
Based on the Y/Ho, Zr/Hf ratios and the shape of chondrite-normalized patterns of REE in
rocks and minerals, the nature of crystallization environment can be identified (Bau, 1996, 1997;
Irber, 1999; Gramaccioli & Pezzotta, 2000; Monecke et al., 2002). In a volatile enriched
environment, the trace elements behavior is not only controlled by their charge and radius. Thus,
elements with similar properties, such as Y-Ho, Zr-Hf, Nb-Ta and Sr-Eu, do no longer show a
coherent behavior and their ratios deviate from that of typical chondrites (28 Y/Ho; 39 Zr/Hf; 17.57
Nb/Ta; 139 Sr/Eu). At the same time, chondrite-normalized patterns of REE are irregular, showing
four upwards-downwards segments referred to as lanthanides tetrad effects. Anomalous behavior
of Y and REE and of Zr and Hf, hosted by different minerals is due to the chemical complexation
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with a wide variety of ligants such as non-bridging oxygen, F, B, P, Cl etc., so that the nonchondrite ratios denote a high activity of complexing factors in the depositing fluids (Bau, 1996;
Gramaccioli & Pezzotta, 2000).
Our results regarding Y/Ho, Zr/Hf, Nb/Ta and Sr/Eu ratios show certain contrasts. The first ratio
(26.48-28.55 Y/Ho) does not significantly deviate from chondrite ratio, but the values of the next
ratios (1.11-7.59 Zr/Hf; 0.23-1.45 Nb/Ta; 13.47-27.94 Sr/Eu) turn out to be much lower than those
of chondrites proving that the crystallization of apatite proceeded from an enriched volatile melt.
The concentration of incompatible elements in apatite depends on complex compounds type.
Bau & Dulski (1995) suggest that the complexation with fluorine is the major cause for Y/Ho > 28
values, whereas the complexation with bicarbonate is assumed to generate values < 28. In the
investigated samples the second trend was found, suggesting that crystallization environment was
not enriched in F and the fractionation of Y from HREE was limited.
The chondrite-normalized pattern of REE shows that the apatite is enriched in HREE (Fig.
1) with a narrow range of (Ce/Yb)CN values (0.88-0.90). Generally, the REE fractionation pattern of
pegmatite apatite displays HREE enrichment, with (Ce/Yb) CN varying from 0.2 to 0.9 (Fig. 1;
Belousova et al., 2002). The shape of the curves, characterized by convex segments, infers the
presence of the tetrad effect. The calculated values of the tetrad effect (TE1.3) based on Irber’s
model vary between 1.12-1.15. The fractionation trend of the REE and the presence of the tetrad
effect found for our samples are typical of apatite from granite pegmatites derived from a residual
melt of magmatic systems.

Fig.1. Chondrite-nomalized pattern of REE
for apatite from Răzoare pegmatites (2-4)
and for pegmatite apatite in general
(1; Belousova et al, 2002).

Conclusions
- The deviation of the Răzoare pegmatite apatite from the apatite ideal composition is a
result of the accommodation of Mn, Na and Fe in Ca-sites.
- The concentrations of Mn, Na and Fe vary in a narrow range and are typical of apatites
from granite pegmatites associated with magmatic granite.
- Among the both accessory and rock-forming minerals, the apatite represents the main
host of Y, REE, U, and Th.
- The values of Zr/Hf, Nb/Ta and Sr/Eu ratios, the REE fractionation pattern and the
presence of tetrad effect denote that crystallization of apatite proceeded from volatile-enriched
melt. The value of Y/Ho ratio found for investigated samples suggests that the fluorine was not the
main volatile component in the pegmatite melt. Based on previous studies (Macovei &
Pomârleanu, 1980; Mârza et al., 1986), the fluorine concentration level was suitable to give rise to
fluorine-apatite.
- The composition of apatite from Răzoare pegmatites suggests the crystallization of these
rocks from a granitic melt, which could result from partial melting of the metamorphic host-rocks.
The anatectic origin of the pegmatites was formulated by Mârza (1985) and it is supported by P-T
data obtained by Radu (1997) for the metamorphic host-rocks.
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THE ONTOGENY OF SPELEOTHEMS
Charles Self62

Speleothems are secondary mineral deposits whose growth in caves can be studied by
mineralogical techniques. One of these techniques is the ontogeny of minerals, which is the study
of individual crystals and their aggregates as physical bodies rather than as mineral species.
Ontogeny of minerals as a scientific subject has been developed in Russia but is poorly
understood in the West. In this lecture, I will introduce the basic
principles of this subject and explain a hierarchy scheme whereby mineral bodies can be studied
as crystal individuals, aggregates of individuals, associations of aggregates (termed koras), and as
sequences of koras (ensembles). Selenite needles are crystal individuals, most other speleothems
are aggregates, while the association (kora) of calcite stalactites and stalagmites is known even to
members of the public. Most cavers understand that crystallization in caves is a cyclic process, the
product of any one cycle being termed (in ontogeny) an ensemble.
Individuals, aggregates, koras and ensembles are classed as "minor mineral bodies"
because they can be studied by mineralogical rather than by petrographic techniques.
Ontogeny of minerals is not simply a new classification system for mineral bodies, it is a
method by which past crystallization environments can be interpreted. The structure and texture of
minor mineral bodies can be directly related to environmental factors at the time of their
development. Speleothems are ideal subjects for this type of study, since there are few common
mineral species in caves, yet there is a great variety in the forms that these minerals can take.
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SPECTROSCOPIC INVESTIGATION OF SOME OBSIDIAN ARCHAEOLOGICAL ARTIFACTS
Viorica Simon63, Corina Ionescu64, Liviu Dărăban1

Introduction
Obsidian is a naturally occurring volcanic glass, of high interest both to geologists,
archaeologists and physicists (Earle & Ericson, 1977; Hughes, 1988). Geologists and physicists
are interested in the chemical and respectively the physical properties of obsidian, while
archaeologists are primarily interested in its cultural features.
Because of its workability and capacity to form sharp edges during the spliting, obsidian
was preferred by most of the pre-metal ancient cultures for obtaining tools and weapons, at the
same time being the object of continuous commercial exchanges. Elaborate networks sometimes
carried away the obsidian raw material as well as the artifacts into the areas where it was not
naturally available and where it attained a position of high value.
The ability to identify the geological sources of the archaeological obsidian artifacts provides a
key to the reconstruction of extinct systems of contact, trade and population movements. Different
patterns of obsidian distribution in space and time may also offer information on the social
structures of the prehistoric peoples.
A number of different methods have been developed to "fingerprint" or characterize obsidian in
correlation with the geological sources. For example, obsidian artifacts from the Mediterranean islands
have been recently investigated (Villeneuve et al., 2002) using electron paramagnetic resonance of
Fe3+ ions, thus revealing that in the Aegean area the main natural source of obsidian was Melos
Island. In Anatolia the main obsidian sources were the Agicol and Ciftlik locations.
It is well-known that the main Central European obsidian sources were the Viničky
(Zemplén Mts., East-Slovakia) and Eperjes (Tokaj Mts., North-Hungary) occurrences (Thorpe et
al., 1984), related to Neogene volcanics. The obsidian from Slovakia, known as Carpathian 1-type,
is grey-black or black in colour and slightly translucent. The Hungarian obsidian, of Carpathian 2type has black colour and is almost opaque.
The present study focusses on the iron content (obtained by electron paramagnetic
resonance and X-ray fluorescence) of archaeological obsidian artifacts discovered in the sites from
the north of Romania as well as some obsidian artifacts of Slovakian origin. The resulted data have
been compared, with the aim to identify the provenance sources of Romanian obsidian artifacts.
Samples and methods
The investigated samples have been provided by the National History Museum of
Transylvania (Cluj-Napoca, Romania). They consist in fragments of Neolithical obsidian artifacts
(tools and weapons) originated from the archaeological sites of North-Romania (Piatra Curmeni
and Oraşul Nou, both in Oaş area) and from the eastern Slovakian sites (Zemplén Mts.).
Electron paramagnetic resonance (EPR) measurements have been performed at room
temperature, in X band (9.4 GHz) by means of a standard JEOL-JES-3B spectrometer with 100
kHz field modulation.
X-ray fluorescence spectra have been recorded with a SPARK instrument equipped with
LiF analyser. The Roentgen tube of the instrument is provided with copper anti-cathode.
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Results and discussion
The complex EPR spectra recorded from the obsidian patterns are mainly due to iron in
different states and site location. Sometimes to these spectra can also contribute other paramagnetic
ions occurring in obsidian. For all the samples investigated in this study, the EPR spectra (Fig. 1)
consist in two resonance lines, a weak narrow line with geff = 4.3 arising from Fe3+ isolated ions, at
a magnetic field of 1600 G, and a broad line having the line-width around 2000 G, characterized by
geff = 2.0, which may be considered as an envelope over the signals arising from all the resonant
centres contained in the sample65. The amplification degrees used to record the EPR spectra
presented in Fig. 1 are different for the samples (a), (b) and (c) and they are in the relation 10:7:2.
As may be noticed from the resonance spectra, in correlation with the intensity of the large lines
with geff = 2, the obsidian sample found in Piatra Curmeni (Fig. 1a) contains few paramagnetic
centres compared with those in the other samples. One can also notice that the number of the
isolated Fe3+ ions related to the number of all paramagnetic species, in each sample, decreases in
the same order, from the Piatra Curmeni obsidian followed by the Slovakian obsidian and finally by
the Oraşul Nou one.

Fig. 1. EPR spectra of
obsidian samples from
Piatra Curmeni -Romania (a),
Slovakia (b) and
Oraşul Nou - Romania (c).

65

3+

The possibility to discriminate the Fe ions among the other paramagnetic species indicates that obsidian
can be also subject of magnetic investigations.
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Villeneuve et al. (2002) consider that condensed clusters of Fe3+ ions give rise to a resonance
line at geff = 2.0. In addition to the signals with geff = 2.0, 2.2 and 4.3 they also detected broad
resonance lines that move towards weaker fields when temperature decreased (from 300 to 5 K),
and in contrast with the first ones, whose position and width do not depend on temperature, their
width can either increase or decrease. They attributed these signals to microcrystals of iron oxides
(hematite, magnetite, pseudobrookite) or silicates, present as inclusions in the amorphous groundmass
of obsidian. The contribution of every signal to EPR spectrum is different for each source, according to
the different thermodynamic conditions that occurred during obsidian formation. Thus, it is possible
to discriminate a priori one geological source from another using EPR spectra.
X-ray fluorescence analysis brings also important information on obsidian patterns (Kowalski et
al., 1972, Biro et al., 1986). The X-ray fluorescence spectra for three of the investigated samples
are presented in Fig. 2. The obsidian sample found in the Piatra Curmeni site (Fig. 2a) has a low
iron content if compared with Slovakia (Fig. 2b) and Oraşul Nou (Fig. 2c) samples.

Fig. 2. X-Ray fluorescence spectra of obsidian artifacts from
Piatra Curmeni - Romania (a), Slovakia (b) and Oraşul Nou - Romania(c).

Biro et al. (1986) already evidenced slight differences both in the main components as well
as in the trace elements between Slovakian and Hungarian obsidian occurrences. In agreement
with these data, our results suggest the idea that the Neolithic obsidian samples from both sites
(Piatra Curmeni and Oraşul Nou) originate from the Carpathian group (Slovakian-Hungarian
occurrences). The Piatra Curmeni obsidian artifacts reveal closer resemblance with the Slovakian
obsidian (Carpathian 1-type), while the Oraşul Nou sample is slightly different, suggesting the
provenance from the Hungarian occurrences (Carpathian 2-type).
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Conclusions
The iron content evidenced by X-ray fluorescence in the Slovakian obsidian is higher than
that of the obsidian sample found in Piatra Curmeni but less than for the obsidian sample found in
Oraşul Nou.
In the same relation is the concentration of all the other paramagnetic elements, which
contribute to the large EPR line.
The EPR and X-Ray fluorescence results suggest an idea, that the investigated patterns
are originate from the Carpathian obsidian group: the sample found in Piatra Curmeni from
Carpathian 1-type (Slovakian) while the sample found in Oraşul Nou was probably brought from
Carpathian 2- type (Hungarian) obsidian sources.
They denote trade relations along the rivers from this region, as the obsidian artifacts were
found at relatively long distances from the sources.
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PILLOW-LAVAS OF THE POVLEN MT. (WESTERN SERBIA)
Danica Sreckovic-Batocanin66, Biljana Nikolin2, Nada Vaskovic67

Introduction
In the western ridge of the Povlen Mountain one of the largest outcrops of basic volcanic
rocks (covering about 4 km2), occurring as pillow lavas, has been observed (Fig. 1). In the lower
parts of this unit, epiclastic breccias composed of serpentinite, diabases of ophitic, intersertal or
quench texture as well as glassy lava clasts, prevail. Pillow lavas of different size (from 10 x 15 cm
up to 20 x 25 cm) and heaving a weakly developed amygdaloidal structure, progressively become
more abundant upwards. They are dark-green in colour, highly hydrothermally altered and
cataclastily deformed. In the marginal parts of this unit, tuffaceous sandstone with well developed,
clearly visible granulometric gradation overlain by Triassic limestones was noticed.

Fig.1. Pillow-lavas of the Povlen Mt.

These lavas were identified as diabases according to Mojsilovic et al. (1966; 1975).
According to their geochemical similarities with a nearby situated ophiolite complex, they were
considered as the highest part of the oceanic crust (Sreckovic-Batocanin, 2001). They were
tectonically separated from the lower parts of the ophiolitic complex, that are exposed some 8 km
further south.
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Analytical techniques
The samples were examined in thin sections for the identification of the weathering
processes and the intensity of the phenocrysts accumulation.
The major and trace elements of all samples were determined by XRF techniques (PHILIPS
PW 2400) in the Mineralogical Institute in Köln (Germany). Samples were treated with Li-tetra borates
before to be analysed. The estimation of the relative precision is based on international standards.
The mineral composition was determined on a JOEL 740 SEM microprobe at the Aristotle
University of Thessaloniki (Greece), having the following operating parameters: 10 s counting time, 20
kV accelerating voltage, 15 nA beam current and ca. 2 µm impact diameter. Natural silicates and
oxides were used as standards.
Geological setting
The investigated rocks occur in the so-called »Mesozoic zone« of Petkovic (1930-1931).
According to Mojsilovic et al. (1966, 1975), within this zone, except some large blocks, different
sedimentary, igneous and metamorphic rocks were considered members of the »Diabase-chert
formation«, until Dimitrijevic & Dimitrijevic (1974) explained it as an ophiolitic melange. This area is
a part of the western subzone of Vardar Zone Composite Terrane (Karamata & Krstic, 1996) and it
is composed of a dismembered ophiolite complex, Triassic, Liassic and Cretaceous carbonate
rocks, and, less abundant, of sandstone blocks, embedded in a clayey-silty matrix. It represents
the relic of the marginal basin, existing at least from the Late Triassic to Late Cretaceous and
located between the Kopaonik block and the Drina-Ivanjica unit.
Mineral and chemical composition
As these lavas have a similar mineral composition (plagioclase with An22 in average, augite,
ore minerals as accessories and chlorite, calcite, quartz, epidote-zoizite, prehnite, actinolite as
secondary minerals), they were separated mainly according to their texture and mineralogy, in:
1. Ophitic metabasaltic andesites (with a glomeroporphyric texture)
2. Ophitic quartz-metabasaltic andesites (>10% quartz; ophitic texture)
3. Porphyritic metabasaltic andesites.
These rocks are highly altered, and their geochemical values (Tables 1, 2) clearly indicate
basaltic andesites with OFB signature (Fig. 2). The low content in refractory elements is probably
the result of their concentration in the lower members of the ophiolite complex.

Fig. 2. Plot of the Povlen Mt. pillow lavas
on the Zr-Ti/100–Sr/2 diagram (Pearce &
Cann, 1973). Abbreviations: OFB – ocean
floor basalts; IAB – island arc basalts;
CAB – calcalkaline basalts.

Table 1.
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Representative major element analyses of the Povlen Mt. pillow lavas.
Wt%
SiO2
TiO2
Al2O3
Fe2O3
FeO
MnO
MgO
CaO
Na2O
K 2O
P 2O 5
SO3
LOI
Σ
Q
Or
Ab
An
Di
Hy
Ol
Mt
Il
Ap
%An

DB-6
DB-8
54.90
55.45
1.18
1.15
14.23
13.78
2.08
1.09
7.50
9.00
0.14
0.14
5.32
5.95
6.64
5.93
4.95
4.47
0.08
0.24
0.12
0.11
0.03
0.04
3.48
3.64
100.73
100.08
CIPW norm
2.84
2.62
0.47
1.42
41.89
37.82
16.37
16.83
12.94
9.85
16.89
25.76
0.00
0.00
3.22
1.12
2.24
2.18
0.28
0.25
28.00
31.00

DB-13
55.71
1.44
13.71
3.83
7.00
0.13
4.56
5.00
4.56
0.05
0.14
0.03
3.40
99.65
10.13
0.30
38.59
16.79
5.79
15.74
0.00
5.74
2.73
0.32
30.00

Table 2.
Representative trace element analyses of the Povlen Mt. pillow lavas
Ppm
Sc
V
Cr
Co
Ni
Cu
Zn
Ga
As
Rb
Sr
Y
Zr
Nb
Mo
Cs
Ba
Ce
Nd
W
Pb
Th
U

DB-6
38
273
70
38
42
44
69
8
10
6
85
35
116
4
12
7
30
12
18
6
4
8
5

DB-8
37
261
87
38
52
39
78
8
2
0
121
32
110
4
12
16
17
17
19
6
9
5
5

DB-13
36
319
15
33
21
22
74
11
2
5
108
38
127
5
12
3
16
3
10
0
6
5
4

Conclusions
Pillow-lavas of the Povlen Mt. represent the uppermost member of the ophiolite complex
whose lower part is exposed some 8 kms southward. They were cooled rapidly at low temperature
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conditions, giving rise to skeletal crystals of oxide minerals, fan-shaped epidote, plagioclase with
quenched texture, as well as to the presence of volcanic glass. The low pressure conditions (acc.
to Mahood & Baker, 1986) are reflected in the pyroxene chemistry - low Al content in M1 site
(0.003-0.028) and the presence of vacuoles (up to 5 mm in diameter) subsequently filled by calcite,
quartz, prehnite and chlorite. After their consolidation, these rocks were metamorphosed at the
lower part within the prehnite-actinolite facies (temperature around 250-300oC and pressure up to
2 kbars), in the presence of fluids whose composition changed from CO2-poor (prehnite formation),
to CO2-rich (calcite formation). These metabasaltic andesites have a subalkaline character, withlow
K content (0.05-0.24%) and high Y/Nb ratio.
The amygdaloidal structure and the absence of cherts should indicate their genesis in a
shallow-water environment. The presence of breccias, according to Nicolas et al. (1989) suggest
the pillow lavas formation along a paleo-transform fault, where the breccias represented relic
screens over the basaltic floor.
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SOME GEOCHEMICAL REMARKS ON BASALTS FROM BĂIŢA BIHOR (BIHOR MTS.,
ROMANIA). MAJOR ELEMENTS
Dan Stumbea68

Geographically, Băiţa Bihor is located in the southwestern area of Bihor Mts., a subdivision
of Northern Apuseni Mountains. The geological setting is controlled by a very complicated tectonic
situation, in which Bihor, Codru and Arieşeni structural units are involved; the lithology of these
units consists of limestones (the Bihor unit), dolomites and limestones (the Codru unit), clays and
sandstones (the Arieşeni unit). This structure is penetrated, during four magmatic stages
(Berbeleac, 1988), by banatitic intrusives (Upper Cretaceous-Lower Paleogene); the largest of it
being a batholith made up of granites, granodiorites and pegmatites. The batholith belongs to the
third magmatic stage and exhumes in the Valea Seacă area.
The present paper deals with some basic dykes of the fourth magmatic stage, named
previously “basalts” by Stoici (1983) and showing no relationship with the felsic batholith. Based on
the chemical data published by the quoted author, the study focuses on a more detailed
geochemical characterization of the basic dykes. The chemical data concern the major elements
and were performed using the wet chemical technique.
The plot of 65 samples supposed to be basalts, shows a wide range of samples distribution
in TAS diagram (SiO2 vs. Na2O+K2O). Thus, the samples plot in the fields of basalts, trachybasalts,
tephrites, basaltic andesites, basaltic trachyandesites, trachyandesites and finally andesites. De La
Roche-Leterier diagram, based on the standard formula parameters of Si, Na, K, Fe, Ti (R1)
versus Ca, Mg, Al (R2) leads to similar results.
In order to find out whether this conclusion is confirmed, a statistical processing of all 65
analyses has been performed considering their major elements. This approach revealed two
maximums in the distribution of SiO2 contents: at about 48.7 wt% and at 52.7 wt% (Fig. 1). Based
on this fact and knowing that SiO2 has generally a strong bimodal character in magmatic rocks (it
means two maximums - at about 52.2 wt% and at 73.0 wt% respectively) we assumed that in the
case of samples from Băiţa Bihor there are two populations of data: a basaltic population (with
SiO2 < 50.7 wt%) and an andesitic one (with SiO2 > 50.7 wt%).
Our attempt to establish similar limits by means of a statistical approach performed on data
concerning other major elements has generally failed; except for MgO, which revealed three
populations of data, the distribution of all major elements shows both symmetrical and asymmetrical
gaussian patterns.
The replot of basalt data in both TAS and De La Roche-Leterier diagrams confirms that the
limit of 50.7wt% SiO2 statistically identified by our research is quite realistic. Our further study
focuses only on basalt samples (28 analysis).
The CIPW norm sustains the assumption that the dykes from Băiţa Bihor belong to both
basalt and tephrite categories. Thus, the normative mineralogical composition of tephrites shows a
lower content of normative quartz, plagioclases and pyroxenes, as well as a higher one concerning
normative orthoclase, feldspathoids and olivine as compared with basalts. In terms of normative
olivine, its amount of about 14% in tephrites (in contrast with only 5% in basalts) suggests that at
least some of the tephrites belong to the basanite category.
The distribution of data in both TiO2-K2O-P2O5 (Pearce et al., 1975) and FeO-(Na2O+K2O)MgO diagrams (Irvine & Baragar, 1971) suggests that the basalts of the Băiţa Bihorului area belong
to a calc-alkaline series and confirms the earlier opinion of Berbeleac (1988) who associates the
banatites of Băiţa Bihorului to a magmatic arc tectonic setting.
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Fig. 1. The frequency vs. SiO2 diagram shows maximus at 48.7wt% (middle of 47.7-49.7wt% range)
and at 52.7wt% (middle of 51.7-53.7wt% range). The limit between the two populations of data
has been theoretically drawn at 50.7wt% (middle of 49.7-51.7wt% range).
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THE METAMORPHIC BASEMENT OF THE ROMANIAN CARPATHIANS:
A DISCUSSION IN THE LIGHT OF RADIOGENIC K-Ar AND 40Ar/39Ar DATING
Carol Strutinski 69, Adrian Puşte70, Rodica Stan71

Over 600 K-Ar and 40Ar/ 39Ar ages published during the last four decades on rocks of the
metamorphic basement from the Romanian Carpathians, the Transylvanian Basin and the eastern
part of the Pannonian Basin are statistically treated and discussed. The radiometric ages have
been assigned to four groups, designated as: pre-Hercynian (older than 375 Ma), Hercynian (375251 Ma), „Kimmerian“ (250-121 Ma) and eo-Alpine (younger than 120 Ma). They have been further
sorted by the type of mineral fraction on which they were performed and plotted by distinct symbols
on a map having the principal tectonic lines as a background. For the sake of convenience,
different individual data coming from the same area/unit and having the same or similar
characteristics (age and processed mineral) have been put together and represented on the map
by only one symbol.
The principal features to be noticed on the distribution map are as follows:
1. East Carpathians. The age distribution shows a by and large SW-NE polarity, with the
oldest, mainly Hercynian, ages in the NE, close to the boundary with the sedimentary units of the
Outer Dacides, and the youngest Eo-Alpine ages in the SW, in the Rodna massif.
2. South Carpathians. In the Lower Danubian Units an unusual large number of preHercynian ages points to the preservation of a Cadomian or Caledonian province through
Hercynian and Alpine times, while in the Upper Danubian, Getic and Supragetic units the
Hercynian and “Kimmerian” ages prevail. Eo-Alpine ages are rather rare and are usually confined
to the innermost Danubian zones and to some shear planes.
3. Northern Apuseni Mountains (i.e. Inner Dacides). The Bihor Autochthonous shows an
poorly-defined polarity in the distribution of ages, as compared to the East Carpathians. However,
it may be regarded as the mirror image of the latter, as here the oldest (Hercynian) ages are
situated to the west and south-west, while the younger (Eo-Alpine) ages occur in the east and
north-east. The few radiometric ages obtained on rocks of the Biharia and Baia de Arieş units fall
almost all in the eo-Alpine group. The situation is somewhat complicated in the Codru unit, located
between the Bihor Autochthonous in the NW and the Biharia units in the SE, where a few analyses
of amphibolitic rocks yielded Hercynian or even older ages.
4. The Transylvanian Depression. In the north-western part of the Transylvanian Depression
(including the Preluca, Ţicău and Codru “islands”) only three out of 31 samples indicate Upper
Jurassic – Lower Cretaceous ages, the remaining 28 yielding Eo-Alpine ones. Three isolated age
data obtained on drill cores located in the eastern and southern parts of the Transylvanian
Depression are consistently older (“Kimmerian” or Hercynian), and correlate well with the
corresponding ages from the adjacent inner parts of the East and South Carpathians.
5. Eastern part of the Pannonian Basin. Most ages are “Kimmerian”. However, in boreholes
located between Oradea and Satu Mare some metamorphic basement rocks yielded eo-Alpine
ages, that were lately reported also from the Hungarian side of the area (Arkai et al.,1998).
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The existing data strongly support the idea that within the Romanian tract of the
Carpathians the most pervasive Alpine rejuvenation of basement rocks occurred in a belt of about
140-150 km width. Within this belt, the crystalline rocks were intensely reworked, undergoing a
metamorphic event of Barrovian (medium PT) type before the final Austrian exhumation, evidenced
by most of the Alpine ages. The eo-Alpine metamorphic belt is cropping out today on the flanks of
the Mureş Zone, i.e. in the Rodna massif to the NE, and in the Northern Apuseni to the west. Away
from it, the ages get progressively older and outline a broad Hercynian metamorphic province,
having its thermal axis apparently displaced by only some tens of kilometers from the Alpine one.
In the most external part of the South Carpathians a pre-Hercynian province could be outlined,
obviously representing the north-western extension of the Moesian Plate. Within the Romanian
Carpathians the radiometric K-Ar and 40Ar/ 39Ar ages, as well as newer fission-track data, do not
sustain re-heating processes above 3000C and corresponding regional metamorphic events during
meso- and neo-Alpine times (Dallmeyer et al., 1998, 1999; Bojar et al., 1998).
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MINERAL CHEMISTRY OF THE PRIMARY MAGMATIC MINERAL ASSEMBLAGE
OF THE „DEJ TUFF” (ROMANIA)
Alexandru Szakács72

Introduction
The Middle Miocene rhyolitic Dej Tuff Complex (the „Dej Tuff”) consisting of volcaniclastic
sandstones and conglomerates, medium to fine-grained tuffs, and alternating thin layers of tuffs,
tuffites and tuffaceous marls, records the inception of the Neogene volcanic activity in Romania. It
crops out along the north-western and northern margin of the Transylvanian Basin, as well as
along its southeastern margin („Persani Tuff”). It was also found in many boreholes throughout the
whole basin.
Former mineralogical investigations on the „Dej Tuff” focused mainly on its characteristic
post-depositional diagenetic mineral assemblage. Its primary magmatic mineral assemblage is
known only from classical petrographic studies. The aims of this study are 1) to identify the primary
magmatic rock-forming mineral phases, either essential or accessory ones, 2) to distinguish them
from accidental admixed phases, and 3) to investigate in detail, using modern analytical
techniques, their mineral chemistry.
Mineral chemistry
Mineral chemistry of the major rock-forming minerals – feldspar, biotite, amphibole, pyroxene –
as well as accesory phases – allanite, Fe-Ti oxides, etc. – have been systematically investigated
through a large number of microprobe analyses performed with a JEOL-733 Superprobe at the
University College (University of London).
Plagioclase crystalloclasts show a broad spectrum of An content, ranging from 9.6% to
70.7% with most of them containing 15-40% An. The An% distribution histogram (Fig. 1a) indicates
two frequency maxima at 20-25% An and 30-40% An, respectively. The bimodal distribution of
An% in plagioclase population may suggest magma mixing processes. An% values over 50% have
mostly been found in plagioclase phenocrysts of dacitic to andesitic lithic clasts. Both normal and
recurrent zoning of plagioclase have been recorded with An variation in individual crystalloclasts of
1.4-19.4%. Consistent sequential variation of An content of plagioclase has been pointed out at
Cepari, where upward-decreasing An contents across three sequences are recorded.
K-feldspar is sporadically present in the “Dej Tuff”. Orthoclase crystalloclasts are mostly an
admixed component in the volcaniclastics, but primary magmatic sanidine could be an accessory
phase as it was recorded in a few outcrops (Fig. 1b).
According to the analytical data, biotite belongs to a transitional field between magnesian
and ferrous biotites. High Fe3+ with respect Fe2+, as well as lack of the correlation between Mg and
Fe2+, suggests various stages of alteration. TiO2 content varies between 3.62-6.27%, most values
being around <4%. These relatively high TiO2 contents are not typical for rocks originating from
crustal granitoidic magmas. Biotite chemistry strongly suggests that its composition has been
influenced by the presence of cogenetic amphibole, pyroxene - and possibly olivine - in the melt
(Fig. 2). According to the biotite systematics of Abdel-Rahman (1994), the “Dej Tuff” biotites belong
to both calc-alkaline and alkaline types, the main trend being consistent with the calc-alkaline
affinity.
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Fig. 1. Mineral chemistry of feldspar: a - An% distribution histogram; b - Plagioclase and K-feldspar
compositions in the An-Ab-Or diagram. Symbols represent samples originating from different localities.
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Fig. 2. MgO-FeO-Al2O3 diagram for biotites (Speer,
1984). I: biotites associated with muscovite and topaz,
II: biotite with no other minerals associated, III: biotite
associated with amphibole, pyroxene and olivine. Symbols
represent samples originating from different localities.
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Amphiboles are present only in few outcrops of the “Dej Tuff” as an accessory component.
They belong to the group of calcic amphiboles (hornblende), most crystalloclasts being magnesiohornblende and magnesio-hastingsite. Few edenite grains have also been identified. Whether the
calcic amphiboles are crystallized from the “Dej Tuff” magma or not, has been tested in several
ways. Amphibole-biotite equilibrium test shows a relatively good negative correlation of the
Fe2+/(Fe2+ + Mg) ratio, as well as a positive correlation of Mn content, in coexisting biotite and
hornblende for 3 out of 4 samples, whereas Ti shows no correlation trend. The amphibole-melt
equilibrium has been tested by comparing amphibole composition with the composition of the
volcanic glass. Amphibole/glass ratio shows values of 0.56 for Na and 0.34 for K which - provided
Na2O>3% - is indicative for crystal-melt equilibrium. In the trivariate SiO2-FeO+Fe2O3-Na2O+K2O
diagram of Wones & Gilbert (1982) the amphibole crystalloclasts of the “Dej Tuff” plot in the
rhyolite-dacite field, whereas in the SiO2-FeO-Fe2O3 diagram they plot in the andesite–basalt field.
These data are consistent with the magmatic origin of the calcic amphiboles. Moreover, they
suggest the provenance of the amphibole from a less differentiated part of a magma body.
Pyroxene is also a minor or accidental mineral phase in the “Dej Tuff”, encountered as two
clinopyroxene species: augite and pigeonite (Fig. 4). Augite appears at well-determined levels in
the volcaniclastic sequence at some occurrences (e.g. Cepari), while pigeonite occurs randomly at
other localities (Bobâlna, Aluniş). Unlike pigeonite, an externally admixed component, augite –
which participates with up to 4-5% within a specific level at Cepari, where biotite is lacking – shows
chemical features, such as TiO2 content, compatible with the chemistry of other mafic minerals
present in the “Dej Tuff”, hence its crystallization from the same parental magma is likely. The
primary magmatic clinopyroxene in the “Dej Tuff” at Cepari has been determined as a magnesiumrich augite.
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Fig. 4. Plot of pyroxene compositions.
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Fe-Ti oxides are ubiquitous accessory minerals in the “Dej Tuff”. Their mineral chemistry
allows the recognition of three groups: (1) a homogeneous group, formed by ilmenite, (2) a more
heterogeneous group, with spinel-structure oxides, represented by titano-magnetite, and (3)
accidentally occurring minerals, as two grains of rutile. The main part of the analyzed samples
contain both ilmenite and titano-magnetite. Systematic compositional change of the Fe-Ti oxides
has been pointed out at Cepari across compositional sequences, similar to the An% content
variation of plagioclase. Fe-Ti oxide geothermometry yielded results consistent with these trends
(Szakács, 2000b).
Allanite is also an ubiquitous accessory phase showing relatively homogeneous composition.
Ce2O3 ranges between 11.53-13.23%, La2O3 between 7.08-8.37%, and Nd2O3 between 2.28-3.35%.
Relatively low MnO (< 0.8%) and high TiO2 (up to 2.4%) are characteristic for the “Dej Tuff” allanites, in
concordance with the chemistry of other primary magmatic minerals. Compositional differences have
been pointed out between allanite grains occurring at different levels in the lithological columns.
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according to the occurrence/position (1-6).
Symbols represent samples originating from
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Zircon and apatite are frequent accessory phases in the “Dej Tuff” but they have not been
subjected to chemical investigation.
Monazite and xenotime are for the first time identified in the “Dej Tuff”. They represent
sporadically occurring accessory minerals. Monazite appears as submillimetric subhedral grains, in
places associated with apatite, which forms epitaxial overgrowths. Xenotime was encountered in
only two grains, as epitaxial overgrowths on euhedral zircon crystals. The chemical compositions
of six monazite and one xenotime grains are given in Table 1 and 2.
Table 1.
Microprobe analyses of monazite grains from the „Dej Tuff”(oxides in wt%).
Sample
TD139-3A-mz1

Al2O3 SiO2 P2O5 CaO TiO2 SrO
0
0
32.70 0.47 0
0

ZrO2 La2O3 Ce2O3 Nd2O3 Sm2O3 Total*
0
15.52 26.63 12.38 1.52 89.22

TD166-6B-mz1

0.15

0.63 28.20 0.45 0.15 0.23 0.68

20.50 28.40 7.69

0.45

87.53

TD166-6B-mz2

0.12

1.00 30.13 0.63 0.1

20.57 29.52 7.83

0.60

91.61

TD166-8C-mz1

0

0

32.58 6.81 0.28 2.23 0

13.15 23.03 7.71

0.97

86.76

TD166-8C-mz2

0.11

0

33.12 1.53 0

0

14.85 25.95 10.3

1.07

86.93

TD166-8C-mz3

0.08

0

32.72 1.02 0.13 0.13 0

15.87 28.97 10.8

1.31

91.03

0.37 0.63
0

Table 2.
Microprobe analyses of a grain of xenotime from the „Dej Tuff” ”(oxides in wt%).
Sample

CaO

Y2O3

Dy2O3

Er2O3

Yb2O3

P2O5

Total*

TD-166-5A-xn1

1.17

52.5

3.08

2.9

4.12

29.43

93.24

* Low Total % is due to the fact that Th has not been analyzed

Inclusion-relationships between accessory minerals allowed the reconstruction of the early
crystallization history of the “Dej Tuff” magma: monazite – apatite – zircon – Fe-Ti oxides. Allanite
has not been observed to have any inclusion-relationships with other accessory mineral(s).
Conclusions
The primary magmatic mineral components of the “Dej Tuff” include the main rock-forming
minerals quartz, plagioclase and biotite, the minor components K-feldspar, amphibole and
pyroxene, the ubiquitous accessory phases as Fe-Ti oxides, zircon, apatite, allanite, and the rare
accessory minerals monazite and xenotime. The mineral chemistry of the mafic components
strongly suggests that biotite, amphibole (magnesio-hornblende and magnesio-hastingsite) and
clinopyroxene (Mg-rich augite) have crystallized from the same parental magma having relatively
high Ti contents. The accessory mineral association includes REE-bearing minerals such as
allanite, monazite and xenotime pointing to the REE-reach chemistry of the “Dej Tuff” magma. The
primary mineral assemblage of the “Dej Tuff” might be a result of pre-eruptive differentiation in
shallow magma chambers. Whole-rock major and trace element chemistry as well as Sr and Nd
isotopic ratios (Szakács, 2000a) fully support such a hypothesis.
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VOLBORTHITE, A HYDROUS COPPER-VANADATE FROM PHOSPHATE-BEARING
ARGILLITES IN DÉDESTAPOLCSÁNY, UPPONY MTS. (N-HUNGARY)
Sandor Szakáll73, I. Sajó74

Secondary phosphates rarely have been found in the Palaeozoic argillites of the Uppony Mts.
They occur in the fissure-fillings of brecciated or clastic argillite, mainly in near-surface positions in the
surroundings of Dédestapolcsány and Nekézseny (Elsholtz et al., 1974). The geochemical
investigations of these argillites revealed some uranium enrichment, which shows good correlation with
phosphorous. During the new mineralogical investigation of the Dédestapolcsány phosphate-rich area,
a hydrous copper-vanadate, volborthite (Cu3V2O7(OH)2.2H2O), was found for the first time in the
Carpathians.
Volborthite found in the fissures shows yellow-brown, yellow-green, olive-green, and dark
green colours. The common appearance includes: powdery scattering, micro-crusts, porous
masses, globular and stalagtite-like aggregates (up to 1–3 mm). According to SEM studies these
aggregates consist of 10–30 µm long oriented grown needles, which built up lamellae. The largest
lamellae are up to 0.3–0.6 mm.
According to XRD patterns and the appearance of volborthite, we can distinguish at least
two varieties, which crystallized differently. The yellowish varieties are the least crystallized, while
the greenish varieties are the most crystallized phases. The d values show excellent agreement
with JCPDS 26-1119 file, however, intensities – with exception of 100 reflexion – are smaller. Unit
cell data are: a = 10.604 Å; b = 5.879 Å; c = 7.202 Å; β = 94.81°.
Three chemical analyses carried out with CAMECA CAMEBAX SX50 electron microprobe
operated at 25 kV and 0.1 mA. Average of the three analytical results is as follows (in weight %):
CuO: 40.97; V2O5: 25.14; P2O5: 0.64; Al2O3:1.14; Cl: 0.41.
Accompanying minerals associated with volborthite are secondary, i.e. goethite, hematite,
jarosite, Al phosphates (e.g. kingite, wavellite, evansite, vashegyite) and other phosphates (e.g.
beraunite, probably turqouise). The occurrences of volborthite have been found mainly in the
oxidation zone of sedimentary uranium deposits (Guillemin, 1956; Leonardsen & Petersen, 1974).
The Dédestapolcsány volborthite is definitely connected with uranium-enrichment in the Uppony
Mts. It is a near-surface precipitation, together with other secondary minerals, but secondary Uminerals have not been identified yet.
Volborthite sample from Dédestapolcsány is preserved in the mineral collection of the
Herman Ottó Museum (Miskolc, Hungary), under catalogue number 24532.
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TETRAHEDRITE – TENNANTITE FROM THE ROŞIA MONTANĂ GOLD-SILVER
EPITHERMAL ORE DEPOSIT, APUSENI MOUNTAINS (ROMANIA)
Călin G. Tămaş75, Dan Costin1

The Roşia Montană area belongs to the Transilvanides geotectonic unit (Săndulescu, 1984,
Balintoni, 1997). This area is located in the northern part of the so-called Golden Quadrangle from
South Apuseni Mountains. The mining activity was always very important at Roşia Montană.
Recently, the mining archaeological results have proved that the exploitation of gold and silver
started before the Roman times (Cauuet et al., 2003).
The Roşia Montană ore deposit was assigned to the low-sulfidation type by Mârza et al.
(1997) and Tămaş (2002). Fluid inclusions study (Tămaş & Bailly, 1998, 1999; Tămaş, 2002)
confirmed the low salinity (1-7.8 wt.% NaCl equiv.) and the low homogenization temperatures (198340°C) of the mineralizing fluids from the Roşia Montană ore deposit.
The hydrothermal alterations are well developed in the Roşia Montană ore deposit (Tămaş,
2002). The most striking one is potassium metasomatism (with the formation of adularia). “Sericite”
(muscovite) alteration is also widespread in the whole ore deposit. Intermediate and advanced
argillic alteration is also occurring as overprint. High-grade ore zones are marked by intense
silicification. The carbonate-type alteration is present in very restricted areas.
According to Hedenquist’s (2003) reinterpretation of the epithermal systems classification,
the Roşia Montană ore deposit may be assigned to an intermediate sulfidation type.
At Roşia Montană the ore is hosted mainly by the breccia-pipe bodies, and at a lesser
extent by the dacitic breccias occurring near the volcanic vent, or in the Neogene and Cretaceous
sediments. The ore bodies are represented by phreatomagmatic and phreatic breccia structures, veins,
stockworks, and impregnations. Placers and paleoplacers with gold content were also reported.
The Roşia Montană ore deposit is centered on the Cetate phreatomagmatic breccia-pipe
body. This breccia structure was examined by Tămaş (2002) who interpreted the mechanism of
formation, as phreatomagmatic. The Cetate breccia was exploited during centuries at the surface
as well as in the underground. Within the Cetate breccia, different genetic types of mineralization
were pointed out (Tămaş, 2002): impregnations, quartz-adularia veinlets, quartz (amethyst)
veinlets and geodes, quartz-pyrite veinlets, veins rich in Mn-gangue minerals, phreatic breccias,
clast-supported breccias. Reflected light microscopy, electron microscopy and microprobe
investigations were carried out (Tămaş, 2002) in order to clarify the mineralogy of ore minerals in
the Roşia Montană ore deposit. The present contribution focuses on minerals of the tetrahedritetennantite group, identified in different -mineralizations within the Cetate breccia, as well as in two
breccia bodies from the Cârnic Hill (Cârnic I, and Cârnic II breccias).
The chemical composition of tetrahedrite grains was determined by microprobe analyses
(CAMECA SX-50, from BRGM, Orleans, France; accelerating voltage 20kV, beam current of 20nA,
minimum detection limits ca. 0.1 wt. % for all elements). These data show large variations of the
major elements of the tetrahedrite being emphasized, as follows: 24.04 - 42.99 wt.% Cu, 0 - 15.99 %
wt. Ag, 0.33 - 2.42 wt.% Fe, 5.33 - 7.36 wt.% Zn, 0.08 - 29.47 wt.% Sb, 0.97 - 19.94 wt.% As,
22.37 - 28.1 wt.% S. Small quantities of other elements were detected: 0 - 6 wt.% Pb, 0.18 - 0.38 wt.%
Mn, 0 - 1.33 wt.% Cd. The weight percentages were converted to the number of atoms based on 29
atoms per formula unit (acc. to Johnson et al., 1986). The number of atoms per formula unit (p.f.u.)
for each element in the structural formula of tetrahedrite is variable: 7.06 - 10.26 Cu, 0 - 2.71 Ag,
0.10 - 0.72 Fe, 1.25 - 1.82 Zn, 0.01 - 4.03 Sb, 0.22 - 4.04 As, 12.67 - 13.21 S. The cell dimensions
were calculated using the compositions, in atoms per formula unit (Johnson et al., 1987). The
values of parameter “a” range between 10.22(3) Å and 10.51(3) Å.
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The number of S atoms is very close to 13, which represents the ideal number of S for
tetrahedrite. The inverse correlation among Sb and As indicates the presence of a continuous solid
solution tetrahedrite – tennantite. Meanwhile, the plots of Fe vs. Zn display substitutions close to
ideal 2 atoms (Fe, Zn) stoichiometry. Tetrahedrite from Roşia Montană is generally rich in Sb. Fe
content is generally very low comparing to Zn content. The analysed tetrahedrites contain 10
atoms of Cu per formula unit or less. Cu-Ag substitution, up to approximately 2 atoms pfu
determines the smaller values than 10. This substitution is confirmed by the negative correlation
between these two elements. Most data indicate a distinct positive correlation between Sb and Ag
contents. The plot of Ag vs. As contents of the same data, shows that Ag and As have little
tolerance for each other (acc. to Johnson et al., 1986). Data plots indicate a relationship between
the unit cell dimension and the number of Ag atoms, i.e. the cell size expands with increasing of Ag
content. The values of (As+Sb) vs. S and (Ag+Cu) vs. S with 4 vs. 13 and 10 vs. 13 respectively,
are constant, indicating an almost ideal stoichiometry.
The chemical composition of tetrahedrite-tennantite from Roşia Montană epithermal ore
deposit is strongly dependent on the styles of mineralization. For instance, we may separate at
least three types of terahedrite:
1. type 1 – intermediate Ag-tetrahedrite (1.40-1.92 atoms p.f.u.), related to quartz-adularia
veinlets within Cetate breccia;
2. type 2 – tetrahedrite with heterogeneous Sb-As participation, with As ranging from 0.224.04 atoms p.f.u., and without Ag, related to quartz-pyrite veins hosted by Cetate
breccia;
3. type 3 – Ag rich tetrahedrite (1.72 – 2.71 atoms p.f.u.), from Cârnic I breccia body.
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THE RELATIONSHIPS BETWEEN BRECCIA STRUCTURES AND ORE VEINS. A CASE STUDY
FROM THE CETATE HILL, ROŞIA MONTANĂ ORE DEPOSIT (ROMANIA)
Călin G. Tămaş76, Lucreţia Ghergari1, Corina Ionescu1, Béatrice Cauuet77

Introduction
The Roşia Montană epithermal ore deposit (Fig. 1) is well known due to its gold content and
the Cetate phreatomagmatic breccia pipe structure (Tămaş, 2002). This breccia body that occurs
in the Cetate Hill is not the single breccia structure within this massif, other breccia structures were
identified additionally at the surface and in the underground.
The genesis of the Cetate phreatomagmatic breccia pipe was followed by subsequent phreatic
processes, finally resulting in several phreatic breccias and veins, superimposed on the previous maardiatreme couples (Tămaş, 2002).
Two ancient mining fields were discovered in the Cetate Hill - Zeus and Găuri - and
subsequently used for archaeological-mining investigations (Cauuet et al., 2003). Within these ancient
mining networks (Fig. 1) two new breccia structure occurrences were discovered allowing to point out
various aspects regarding the relation between breccias and the veins.

Fig. 1 – The geological map of the Roşia Montană area: 1 – Cretaceous flysch; 2 – Neogene sedimentary
rocks; 3 – Cetate-type dacite; 4 – Phreato-magmatic breccia pipes (the Cetate breccia); 5 – Fluidization
channel of the Cetate breccia pipe (“Glamm” Formation); 6 – Base-surge deposits; 7 – Andesite pyroclastic
deposits (Rotunda type); 8 – Faults; 9 – Lakes.

Zeus mining field
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The ore body in the Zeus mining field is represented by a breccia dyke structure (Tămaş, 2002),
completely hosted by the Cetate dacite. At the surface, the breccia body has 20 m length and a variable
width, ranging from 0.5 up to 2 m. The known vertical extension of the Zeus breccia body is thought to reach
up to 20 m. The breccia grades into unbrecciated dacite. The breccia is monolithologic (dacitic) and
clast-supported. The matrix is missing, only a thin rim of quartz cement being present around the
angular dacite fragments. The potassic alteration (formation of adularia) is the most representative one.
Sericite alteration is also present, but no silicification was noticed so far.
Two mineralization stages can be distinguished for the Zeus breccia dyke: a pre-tectonic
stage and a post-tectonic one. The first one is represented by small crystal of pyrite scattered
inside the dacite clasts. This mineralization is a pre-brecciation event. The post-tectonic (postbrecciation) stage generated two types of mineral association: a) thin quartz rims around the dacite
clasts (only of minor importance due to the very small width of the rims) and b) vein structures (four
vein structures are so far noticed) that cross-cut longitudinally the breccia dyke structure.
The metal input is different in different parts of the breccia dyke. For example, the ore grades
within the breccia body, where there is no vein overprinting, are about 1g/t Au and 3 g/t Ag78. The
ore grades along the veins including a narrow breccia zone rise to more than 4.2 g/t Au and 42 g/t Ag.
For the whole breccia body, including the overprinting veins, the grades reach an average value of
about 2.2 g/t Au and 10 g/t Ag.
Găuri mining field
The Găuri mining field is located in the south-western part of the Cetate massif. The
modern mining level (+855 level) cross cuts a breccia body, which also occurs on the surface, on
the northern slope of the Găuri area.
The Găuri breccia body has a pipe-like shape, with 20 m diameter. The pipe is slightly tilted
towards the north. It was also partially opened by an ancient fire-setting exploitation zone (stoping). The
Găuri breccia pipe is visible in the ceiling and on the walls in the upper level of the exploitation zone.
The breccia body is a matrix-supported structure with the matrix exceeding the clasts
participation. In the underground (both in the remnants of the ancient stopings and in the modern
mining network) as well as at the surface, various rocks were identified: metamorphic rocks (garnet
micaschists, gneisses), sedimentary rocks (Cretaceous flysch, as sandstones and shales) and magmatic
rocks (dacites). The metamorphics and the Cretaceous flysch fragments are rounded, while the
dacite clasts are in general angular. The contacts of the breccia body with the host rock (the Cetate
dacite) are sharp, althought within the host rock a network of sheeted fissures developes. At the
surface, on the northern slope of the Găuri area, the eastern rim of the breccia body is marked by a
well-defined banded quartz vein (about 2.5 cm width). The fragments are included in a finely
comminuted rock-flour type matrix. Both the breccia body and the host rock (dacite) are adularized
and sericitized. Furthermore, intense silicification of only the dacite host rock and the breccia
contacts was noticed.
The ancient stoping from the Găuri mining field focused on a vein-like structure, in fact a
narrow stockwork zone containing “chinga”79 ) and quartz veinlets. It has a variable width, from few
centimeters up to 1 m. An intense silicification is to be noticed. The main ore minerals are pyrite,
Ag-minerals and electrum. The mean ore grades of the ore in this stockwork structure are 2.2 g/t
Au and about 30 g/t Ag.
This structure penetrates only few meters inside the main Găuri breccia body, being
stopped due to the abundance of clay-sized material within the breccia matrix (very fine
comminuted rock-flour matrix). In this case, contrary to the case of the Zeus mining field, the
breccia body did not allow the development of the subsequent vein-like structure. The ore grades
gradually decrease along the crosscuting of the vein through the breccia body, from 0.65 g/t Au
and 23 g/tAg close to the breccia – dacite contact up to 0.3 g/t Au and 5 g/t Ag few meters away.
Conclusions
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The different peculiarities of the Zeus and Găuri breccia structures, as well as their
relationship with the later hydrothermal activity, are summarized in Table 1. Important differences,
besides several common features, were pointed out for these breccia structures.
Table 1.
Comparative presentation of the breccias from the Zeus and Găuri
ancient mining fields, Cetate Hill, Roşia Montană
Peculiarities

Zeus mining field

Găuri mining field

Brecciation
mechanism
Morphology
Clast vs. matrix
participation
Clast lithology

Tectonic

Phreato-magmatic

Tabular – breccia dyke
Clasts prevail; clast-supported breccia;- open-space breccias
Monolithologic (dacite)

Columnar – breccia pipe
Matrix prevail; matrix-supported breccias

Matrix composition Quartz and adularia cementing coarse dacite
fragments
Breccia – host rock Gradual
contact
Alteration
Adularia and sericite alteration; silicification is
missing
Favorizing factors Optimal: subsequent hydrothermal cement
enveloped the rock fragments and several
vein structures crosscut the breccia body
rising the ore grades
Mineralization
Common sulfides, Ag-minerals, gold

Polylithologic (dacite, metamorphics, Cretaceous
flysch)
Fine grained fragments of different rocks (rock
flour) host the clasts
Sharp
Adularia and sericite alteration; very intense
silicification of the contacts and host rock
Minimal: the development of subsequent
veins/stockwork was stopped by the breccia body;
the ore grades decrease within the breccia body
Common sulfides, Ag-minerals, gold
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MINERAL INCLUSIONS IN RUBY FROM ANDILAMENA, MADAGASCAR
Panjawan Thanasuthipitak80, Theerapongs Thanasuthipitak1, Kobkarn Phetphu1

Gem – quality rubies from the Andilamena area in eastern Madagascar have recently
entered the gemstone market in commercial quantities. These rubies typically occur as shortprismatic or plate-like crystals with saturated purplish red to red colour. Triangular growth pattern
on their basal surfaces is common. Mineral inclusions in 31 out of 245 samples were studied using
Raman spectroscopy and scanning electron microscopy. The most common mineral inclusions are
rutile, apatite and zircon. Monazite is sometimes identified. Staurolite, spinel, mica(?) and pyrite(?)
are occasionally found.
Rutile occurs as both primary and secondary crystals. Primary rutile forms isometrical to
elongated crystal of orange to reddish brown or gray to black colour with metallic luster standing
out in high relief. Secondary short rutile needles form dense clouds often concentrating in the
center of some ruby crystals. These represent exsolved rutile needles and are oriented in 3
directions, parallel to second-order hexagonal prism. After heat treatment, the secondary rutile
needles were completely dissolved.
Apatite forms colorless euhedral to subhedral short prismatic crystals with rounded edges.
Colourless zircon occurs as both, isolated rounded grains, with or without halos, as well as tiny
clusters. Colourless to light yellow crystals of monazite are not as common as rutile and apatite.
Other minerals, namely staurolite, spinel (hercynite), mica(?) and pyrite(?) are also noticed.
According to the mineral inclusions and despite the relatively high iron content (ranging
from 0.269 to 0.421 wt% FeO) of the Andilamena ruby, which indicates a genetic relation to
basalts, the presence of certain inclusions such as staurolite suggests a metamorphic affiliation.
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PETROLOGY OF GARNET-AMPHIBOLITE WITH WHITE MICA FROM VRANJSKA BANJA
SERIES (SERBIAN-MACEDONIAN MASSIF, SE SERBIA)
Nada Vaskovic81, Vesna Matovic1, Danica Sreckovic-Batocanin1

Introduction
The Upper Complex of the Serbian-Macedonian Massif (SMM) named also Vlasina Complex –
(VC) is mostly composed of greenschist with subordinate medium to high grade metamorphics
(Dimitrijevic, 1959; Petrovic, 1965). This Ripheo-Cambrian complex was firstly intruded by Ordovician
granitoids, later by Paleogene Surdulica granitoid and underwent the extensive Oligocene-Miocene
volcanic activity. According to the spatial position, lithology and metamorphic features, the VC was
divided into six series as follows: Vlasina (Vaskovic & Tasic, 2000), Vranjska Banja, Bozica, Lisina,
Jaresnik and Stajevac (Babovic et al., 1977).
According to Karamata & Krstic (1996), the Vlasina Complex represents a composite unit
termed Ranovac-Vlasina-Osogovo terrane which is a part of the Carpatho-Balkanides Composite
Terrane (Fig. 1).

Fig. 1. Terranes of East Serbia (acc. to Karamata & Krstić, 1996). CBCT - Carpatho-Balkanides Composite
Terrane: VCMT - Vrska Cuka-Miroc terrane, SPPT - Stara Planina - Porec terrane, KT - Kucaj Terrane,
HT - Homolje terrane, RVOT - Ranovac-Vlasina-Osogovo terrane. SMCT - Serbo-Macedonian
Composite Terrane, VZCT - Vardar Zone Composite Terrane, VBS - Vranjska Banja Series.
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This study focuses on the medium to high grade metamorphic unit named Vranjska Banja
Series (VBS). It comprises the southwestern part of the Vlasina Complex and is composed of a
variety of gneisses, micaschists and amphibolites with subordinate occurrences of stromatitic
migmatites, quartzites and marbles (Babovic et al., 1977, Vaskovic & Tasic, 2000).
The purpose of this paper is to present the first petrologic data for the garnet-amphibolites
with white mica found during the geological mapping of this area (Vaskovic & Tasic, 1996).
Geological framework
The VBS contains a group of polymetamorphic rocks affected by medium and high grade
metamorphic events and localized lower grade overprint (Vaskovic, 1998).
The VBS constitutes the southwest part of the VC and extends east ofJuzna Morava River
(Fig. 1). According to Babovic et al. (1977), the VBS represents the deepest part of the VC, progressively
metamorphosed under the influence of the Caledonian granitoid intrusions (Bozica and Jaresnik).
To the west VBS is bounded by Juzna Morava River and to the south by the greenschists of the
Stajevac Series.
Gneisses and micaschists constitute a major proportion of the rocks and yield important
petrological constraints (Vaskovic & Milovanovic, 1996; Vaskovic, 1998) regarding the P-T evolution of
SMM as a very important geological unit in the structural framework of the Balkan Peninsula.
During its long geological evolution the VBS has been affected by three phases of
deformation (D1, D2, D3) and metamorphism (M1, M2, M3) which resulted in a very composite
fabric (Babovic at al., 1977; Vaskovic & Tasic, 2000; Vaskovic, 1998). According to Vaskovic
(1998), M1 is characterized by a low-grade mineral assemblage (350-450oC, 3.5 kbar) defining S1;
as a result of prograde P-T evolution M2 was recorded by a continuous growth of garnet, staurolite
and kyanite under conditions of 520-630oC and 5-7 kbar; M3 is characterized by transformation of
garnet to chlorite and staurolite and kyanite to sericite, as well as by formation of stilpnomelane in
micaschists in the northeastern part of the VBS. The predominant planar fabric represents a regional
schistosity developed during D2 deformational episode. During and after D2 an extensional
crenulations cleavage locally developed.
The southwestern part of this series shows a monoclinal structure dipping to the southwest.
In the northern part this structure softly curves to the west-southwest (Babovic et al., 1977).
Petrology
Amphibolites occur as thin elongated lenses, and rarely as dykes up to 20 m thick, parallel
to the main schistosity within gneisses of the VBS. According to their mineral assemblage, three
varieties can be distinguished: common amphibolite, garnet-amphibolite and garnet-amphibolite
with white mica. The first two varieties occur mostly at the northern and western part of the VBS
while the third appears only at its southeastern part close to the Viti Bor village (Fig. 1) as a lens of
about 8 m thick and 50 m long, within two-mica gneisses and garnet-chlorite gneisses. It is
schistose, dark green in colour, medium- to coarse-grained with large porphyroblasts of garnet (up
to 1 cm) and very thin mica-rich accumulations (0.2 to 0.5 cm thick and 1-2.5 cm long).
The amphibolite from the Viti Bor village is composed of hornblende, plagioclase, garnet,
white mica, chlorite and small amounts of quartz. As accessory minerals, leucoxene, ilmenite,
titanite and apatite are found.
Hornblende (45.25 % vol. rock) occurs as prismatic or anhedral porphyroblasts up to 0.7-3
mm long or makes up to 0.3 mm long matrix grains. It forms irregular elongated lenses arranged as
linear sets parallel to main schistosity or bands up to 1.5 mm thick in association with garnet,
plagioclase, epidote, rarely quartz, and ilmenite/leucoxene or titanite. Some larger porphyroblasts
are poikilitic, quartz and ilmenite being the most common inclusions. According to Leake et al.
(1997), it is a magnesio-hornblende, usually homogeneous in composition. However, some grains
are characterized by a little higher value of NaA and NaM4.
Garnet (13.24 % vol. rock) is euhedral to subhedral, about 0.5 to 4 mm, rarely up to 1 cm,
in size and often includes quartz grains of less than 0.1 mm. Chemical zoning is not remarkable in
the grains. Almandine varies from 63-65 mol %, grossular form 19-22 mol. %, pyrope from 2-5 mol.
% and spessartine from 5-6 mol.%.
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Plagioclase (9.25 % vol. rock) occurs in subhedral to anhedral porphyroblasts up to 1 mm
long or forms elongated aggregates with quartz and/or amphibole. It includes epidote-zoisite, quartz,
amphibole and ilmenite. The chemical composition falls in the range of oligoclase (21 to 27% an).
White mica (5.50 % vol. rock) is 0.1 to 1.25 mm long. It forms aggregates or bands up to 1
mm thick between amphiboles. The Si content ranges from 6.3 to 6.6, Mg from 0.29 to 0.46 and Fe
from 0.22 to 0.32. All analysed flakes plot close to join Si+0.5Al=9 indicating that the white mica
belongs to the muscovite-celadonite series termed phengite and phengitic muscovite (Graeser &
Niggli, 1967). Both white micas show a minor internal variation in composition from core to rim.
Chlorite occurs as primary and retrograde phase. The first one is associated with white
mica and amphiboles, while the second one is a product of garnet and amphibole alteration. The
primary flakes range from 0.15 to 1.5 mm in length and sometimes form irregular lenses. Its
orientation is parallel to the main schistosity. According to the classification of Hey (1954), the
chlorites are repidolites (XFe=0.46) with quite homogeneous Si (5.21) and Al (2.78-2.79) contents.
Epidote is anhedral or tabular to stubby prismatic, mostly elongated grains ranging form 0.1
to 1 mm in length. The tiny grains appear as inclusions in plagioclase. It is the main interstitial
phase settled between amphiboles and white mica. Very rarely it forms accumulations. Microprobe
analyses were made on grains associated with white mica and grains associated with amphiboles.
The first one has higher content of Al and lower content of Fe and Ca than the second one. The
Fe3+/Al+Fe3+ value of epidotes vary from 0.145 (grain associated with white mica) to 0.224 (grain
associated with amphibole). According to classification of Holdaway (1972) they correspond to Alepidote. The decrease of pistacite content suggest condition of moderate f(O2) during metamorphism
(Liou, 1973).
Titaniferrous minerals (ilmenite, leucoxene, titatnite) and apatite occur as interstitial phases
or inclusions in amphiboles.
P-T condition of metamorfism
Ca-amphibole (hornblende) compositions are sensitive to changes in metamorphic condition,
especially to changes in temperature (e.g. Laird & Albee, 1981; Spear, 1981; Holland & Blundy, 1994).
The mineral assemblage of the amphibolite (Mg-hornblende + garnet + plagioclase + white
mica + epidote) enables the application of the garnet-hornblende - GH (Graham & Powell,1984) and
garnet-plagioclase thermometer - GP (Blundy & Holland, 1990), as well as the garnet-hornblendeplagioclase-quartz (GHPQ) barometer (Kohn & Spear, 1990).
Calculations of temperatures using GH and GP are not consistent. Temperatures estimated
by Graham & Powell method range between 420 and 485oC. The GP calibration of Blundy &
Holland (1990) yields temperatures of 530-585oC. These temperatures are consistent with the 520630oC formation temperatures estimated for the micaschists (Vaskovic, 1998) and with 520-550oC
for the garnet-chlorite-white mica and garnet-chlorite gneisses (Vaskovic & Milovanovic, 1996).
Pressure estimated for four samples in conjunction with temperatures estimated from the
GP varies from 5.2 to 6.1 kbar. Thus, it is in accordance with pressures of 5.1 –7.4 kbar calculated
for micaschists of the VBS (Vaskovic, 1998).
The experimental work of Velde (1965, 1967) and Massone & Schreyer (1987) shows that
phengite with Si content ≥3.3 p.f.u. crystallizes under rather high P/T conditions. Si content of 6.36.6 p.f.u. in white mica suggests pressure of 4-5 kbar in the temperature range of 350 to 450oC
according to Massone & Schreyer (1987). That is not in agreement with P-T conditions estimated
using garnet-plagioclase thermometer and garnet-hornblende-plagioclase-quartz barometer.
Conclusion
Among amphibolitic rocks within the Vlasina Complex (Upper part of the Serbian-Macedonian
Massif), occurring as lenses, rarely dykes or small bodies, three varieties have been recognized
according to the mineral composition: common amphibolite, garnet amphibolite and garnetamphibolite with white mica (Vaskovic, 1998). No data are available about their chemistry, but
relics of primary fabric in some occurrences revealed their igneous origin.
The garnet amphibolites with white mica studied here belong to the Vranjska Banja Series
being associated with gneisses and micaschists metamorphosed in the temperature range of 520-
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630oC under the pressure of 5.1 –7.4 kbar (Vaskovic, 1998). For them the peak of metamorphism
occurred at temperature range of 530 to 585oC under pressure of 5.2 to 6.1 kbar.
This study has shown that the metamorphism, which affected the rocks of the Vranjska
Banja Series, had similar intensity in the whole area.
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MINERALOGY OF PLIOCENE TO PLEISTOCENE PELITIC SEDIMENTS OF THE GREAT
HUNGARIAN PLAIN
Istvan Viczián82

This papers deals with the mineralogical composition of pelitic sediments of the Great
Hungarian Plain. Published data as well as unpublished data on analyses made in the laboratories
of the Geological Institute of Hungary based on almost 150 samples are presented. Determinations
were made mainly by X-ray diffraction, the data were systematically corrected by comparison with
the results of thermal analysis and partly chemical analysis. All the data were revised and
recalculated in a uniform system in order to obtain comparable results.
In the bulk composition the dominant clay minerals are smectite, illite/smectite, illite and
chlorite. In the <2 µm fraction the same minerals occur, however, expanded phases are more
dominant. Triple mixed-layer illite/smectite/chlorite and kaolinite of various degree of disorder may
appear. Clay minerals are essentially detrital, derived from various areas of the surrounding
Carpathians and Alps (Viczián, 2002). Sub-basins may differ in degree of disorder and quantitative
proportions of clay minerals and quantitative relations of other phases like calcite, dolomite, quartz
and feldspars depending on relatively permanent source areas and transport directions. Smaller
variations in the transport directions as shown by the micromineralogical composition are normally
not reflected in the clay mineral record. Climatic variations during the Pleistocene seem to have no
significant effect. In the South Tisza Basin and Maros Alluvial Fan well crystallised detrital phases
prevail, while in the Körös Basin more mature sedimentary material of lesser crystallinity, higher
kaolinite and very low carbonate contents can be found.
The clay, carbonate, feldspar and iron minerals deposited may have been modified by flow
systems of ground water (Varsányi et al., 1997, Varsányi & Ó. Kovács, 1997). In the upper flow
regime comprising Pleistocene and Pliocene horizons of the South Tisza Basin and Maros Alluvial
Fan dissolution of carbonate minerals and albite and ion exchange on clay minerals may occur. In
the stagnant ground waters filling the Pleistocene and Pliocene beds of the Körös Basin neoformation
of pure smectite and kaolinite from dissolution of albite and dissolution of carbonates may be
inferred from hydrogeochemical and mineralogical data.
Amorphous iron hydroxides underwent crystallisation and reduction producing, in a
downward sequence, amorphous “limonite”, goethite and siderite.
No diagenetic K-fixation or illitisation occur in this level. However, some kind of palaeopedological illitisation may have occurred in those continental sediments. The first main step of
burial diagenetic illitisation (Tanács & Viczián, 1995) as well as of kerogen diagenesis starts in the
lower groundwater regime, which corresponds to the Upper Pannonian formation group, i. e. below
the formations discussed in the present paper.
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THE GENESIS OF CALCITE RAFTS FROM CAVES – A POINT OF VIEW
Iosif Viehmann831, Lucreţia Ghergari 842

The present work is a conclusion of our previous observations and experiments concerning
the genesis of calcite rafts (Viehmann, 1992; Viehmann et al., 1997). The main raft deposit studied
was discovered in 1987 in the Hoanca Apei Cave (Bihor Mountains, Romania). Our results were
compared with the ones obtained by Black (1953) in Carlsbad Caverns (New Mexico, USA), Pomar
et al. (1975) in Spain, and by Forti & Chiesi (1995) in Italy.
The main resemblance consists in the growth manner of the rhombohedral calcite crystals:
these are partially developed, growing only on the lower part of the raft, at the contact with water.
This crystallogenetic mechanism conditions raft floating. The same conclusion was drawn by
Pomar et al. in 1975.
The second cause of calcite rafts floating on the surface of undisturbed cave waters is the
per ascensum elevation of the water in the pool. The filling of the cave pool may be repeated
several times, with the same calcite rafts floating at each filling.
Another cause of raft floating is the network of skeletal crystals retaining small air bubbles.
When calcite rafts become heavier, they sink in the pool and thicken the local sediment.
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MINE-WASTE MANAGEMENT
Şerban Vlad85, Dan Costin1

Mineral extraction and processing, especially metal mining, exposes fresh rock surfaces
and produces crushed and milled waste. Such material, exposed to weathering, poses a potential
danger to the environment. Sulfide-bearing mineralization, if oxidized, has the potential to produce:
a) sulfuric acid, known as acid rock drainage (ARD), and b)increased heavy-metal mobility.
Significant contamination of surface and groundwater may result from these two processes.
Anyway, not all sulfide-containing waste materials present a threat to the environment, even
though they may contain geochemically important heavy-metal concentrations.
Through detailed mineralogical and geochemical investigation, it is possible to evaluate and
quantify the environmental threat from mine materials and materials to be mined. Based on the
mineralogic and thermodynamic assessment of the geochemical processes that are likely to occur
in unmined material or that are currently taking place within mined materials, geologically and
economically reasonable waste management decisions can be made.
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LOW MAGNITUDES OF MATRIX STRESS RELATED
TO AQUATHERMAL EFFECT AND MONTMORILLONITE DEHYDRATION
IN THE CĂLDĂRUŞANI-TULNICI GEODYNAMIC POLYGON, ROMANIA
Dorel Zugrăvescu86, Gabriela Polonic1, Victor Negoiţă1

On the basis of various physical measurements carried out in very deep wells, a method for
determining the subsurface stress magnitudes was elaborated by the Geodynamic Institute of the
Romanian Academy. Using such a methodology a stress study was undertaken within the
Căldăruşani-Tulnici Geodynamic Polygon (depth interval 5-7 km) whose results were discussed on
the occasion of the International Geophysical Conference (April 2000, Bucharest-Romania). The
significance of the stress magnitude variations within the polygon areal was also presented on the
occasion of the International Geological Correlation Program IGCP-430 Workshop (June 2000,
Covasna-Romania). The conclusions of this work focus on the Oligocene deposits units from the
western part of the polygon, in which the grain-to-grain stress (matrix stress) decreases drastically.
As a cause of registered low stress values, an other essential information was specified in
the above mentioned work, stating that "the thick pre-Sarmatian detritic sedimentary sequence
(mainly shales with local evaporites) was rapidly and deeply buried to more than 8 km, giving rise,
in sealing circumstances, to very large overpressures within the filling fluids of the rock pores.
All these overpressured geological formations, located along the western limit of the
geodynamic polygon have been studied in our institute. We found, as a rule, geopressures as
much as 30-50 MPa above the normal hydrostatic pressures. The geological formations are also
characterized by shale undercompaction and pore space waters less saline compared with their
surroundings.
Such macrovolumes of rocks seem to be entirely isolated without any connection to surface
outcrops. In a continuous sedimentary deposition, the sealing moment occurred significantly
earlier, at a shallower depth, when the temperature was lower than today.
As a rule, at the time of continuous sedimentation and burial of the geological formations, the
temperature rises, leading to the increase of the volume of a given content of water. If the water is
located in an open system it may expand freely and a certain quantity of water will be expelled.
But, if the same system is closed as might be expected in a large, impermeable shale environment,
the water may not expand to the same degree, and consequently, the pressure will increase by an
aquathermal pressure effect.
The behaviour of such sealed rock macrovolumes in connection with temperature and
pressure variations is the first topic of our work, as the pressure increasing rate in aquatermal
conditions is higher than that in non-aquathermal conditions. The rate of this aquathermal
pressuring effect is a function of the geothermal gradient and the capacity of the shale to retain the
generated pressure.
That is why, we elaborated a proper methodology and adequate graphical solutions/
representations relating temperature, water density and its specific volume.
Temperature maps at 5 km and 6 km depth have been drawn, geothermal gradient and
pressure gradient calculations on the basis of various borehole measurements have been carried
out and finally low values of grain to grain/matrix stress were determined for most of the boreholes
cutting the 5-7 km depth interval of the geodynamic polygon.
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The last part of our work deals with the montmorillonite dehydration showing that the
montmorillonite alteration to illite starts in the depth interval 1.8–2.3 km and continues at an
increasing rate to a depth interval of 3–4.5 km, due to the rock thermal conductivities and geothermal
gradients variability on the entire territory of the geodynamic polygon.
This alteration process involves two main physico-chemical changes within rock water
characteristics. The first change consists in desorbing the adsorbed water and its transfer into
particle spaces as free water. The second step is represented by water expansion, which follows
the rules presented in the first part of this paper.
In order to asses the stages of montmorillonite dehydration process, electric logs, sonic
logs, temperature logs and radioactive logs (gamma ray, neutron and gamma-gamma) recorded
during the customary borehole operations have been used.
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